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1. 

CONDUCTIVE INKS AND MANUFACTURING 
METHOD THEREOF 

TECHNICAL FIELD 

The present invention relates to a conductive ink compo 
sition comprising a metal complex compound having a spe 
cial structure and an additive and a preparing method thereof. 

BACKGROUND ART 

Recently, conductive ink is drawing attention since it is 
useful in metal film or pattern formation and electrode print 
ing in the field of lead (Pb) free electric/electronic circuits, 
low-resistance metal wirings, printed circuit boards (PCB), 
flexible printed circuit boards (FPC), antennas for radio fre 
quency identification (RFID) tags, electromagnetic interfer 
ence (EMI) shielding, plasma displays (PDP), liquid crystal 
displays (TFT-LCD), organic light emitting diodes (OLED), 
flexible displays and organic thin film transistors (OTFT). 

Japanese Patent Laid-Open No. 2004-221006 (Aug. 5, 
2004) and Japanese Patent Laid-Open No. 2004-273205 
(Sep. 30, 2004) disclose conductive inks in the form of a paste 
prepared from nanoparticle, powder or flake of metal or metal 
alloy using a binder resin or a solvent. Chem. Mater, 15, 2208 
(2003), Japanese Patent Laid-OpenNo. Hei 11-319538 (Nov. 
24, 1999), Japanese Patent Laid-Open No. Hei 2004-256757 
(Sep. 10, 2004) and U.S. Pat. No. 4,762,560 (Aug. 9, 1988) 
disclose the method of reacting Such metal compounds as 
silver nitrate, hydrogen tetrachloroaurate and copper Sulfate 
with other compounds in an aqueous Solution or an organic 
solvent to form colloids or nanoparticles. However, these 
methods are uneconomical and less stable and require a com 
plicated process. In addition, the high baking temperature 
makes them inappropriate to be applied for a variety of Sub 
Strates. 

Carboxylate is well known as a ligand that forms com 
plexes, particularly organic metal complexes Prog. Inorg. 
Chem., 10, p. 233 (1968). In general, since metal carboxylate 
complexes are less soluble in organic solvents J. Chem. Soc., 
(A), p. 514 (1971), U.S. Pat. No. 5,534.312 (Jul. 9, 1996) and 
are discomposed at high temperature, they are limited in 
application in spite of easiness in preparation. Several meth 
ods have been proposed to solve this problem in J. Inorg. 
Nucl. Chem., 40, p. 1599 (1978), Ang. Chem., Int. Ed. Engl., 
31, p. 770 (1992), Eur: J. Solid State Inorg. Chem., 32, p. 25 
(1995), J. Chem. Cryst., 26, p. 99 (1996), Chem. Vapor Depo 
sition, 7, 111 (2001), Chem. Mater, 16, 2021 (2004), U.S. 
Pat. No. 5,705,661 (Jan. 6, 1998), Japanese Patent Laid-Open 
No. 2002-3294.19 (Nov. 15, 2002) and Korean Patent Publi 
cation No. 2003-0085357 (Nov. 5, 2003). Of them are the 
methods of using a carboxylate compound with a long alkyl 
chain or usinganamine compound oraphosphine compound. 
The present inventors have presented stable and highly 

soluble complex compounds and preparation methods 
thereof in Korean Patent Application Nos. 2005-11475 and 
2005-11478. Particularly, in Korean Patent Application Nos. 
2005-18364 and 2005-23013, they presented stable and trans 
parent conductive ink compositions with Superior Solubility 
and good conductivity, metal content of which and film thick 
ness can be easily controlled, and methods for forming metal 
patterns easily even at low temperature using the composi 
tions. However, a variety of conductive inks are required to 
produce high-quality specialty products or to meet the situa 
tion where special properties are needed. 

According to Ullmann's Encyclopedia of Ind. Chem. Vol. 
A24, 107 (1993), silver is a precious metal which is not 
oxidized easily and has good electrical and thermal conduc 
tivity and catalytic and antibacterial activity, and thus silver 
and silver compounds are used widely in the industries, in 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
silver alloys, plating, medicines, photographs, electric and 
electronic products, fibers, detergents, household appliances, 
etc. In addition, silver compounds can be used as catalyst in 
the synthesis of organic compounds and polymers. Particu 
larly, silver is recently used in the new fields that require metal 
patterns or electrodes, including lead-free electric/electronic 
circuits, low-resistance metal wiring, PCBs, FPCs, antennas 
for RFID tags, EMI shielding, PDPs, TFT-LCDs, OLEDs, 
flexible displays and OTFTs. 
Of recent, researches for replacing aluminum with silver, 

which has better reflection and conduction properties, in 
reflection film for reflection type or semi-transparent type 
LCDs are in progress, as disclosed in Japanese Patent Laid 
OpenNo. 2002-129259 (May 9, 2002), Japanese Patent Laid 
Open No. 2004-176115 (Jun. 24, 2004) and Japanese Patent 
Laid-Open No. 2004-231982 (Aug. 19, 2004). 

However, compounds derived from silver are limited and 
they lack stability and solubility. In addition, they have a 
decomposition temperature of 200° C. or higher, which is too 
high to obtain a metal pattern with good conductivity, and are 
decomposed slowly. 
The present inventors have worked consistently to solve 

these problems and come to complete this invention. The 
present invention provides a conductive ink composition hav 
ing very Superior stability and solubility, enabling easy for 
mation of thin film and being easily calcined even at low 
temperature, thereby enabling formation of uniform and pre 
cise film or pattern with good conductivity regardless of the 
particular Substrate used, and a method for preparing the 
SaC. 

DISCLOSURE OF THE INVENTION 

It is an object of the present invention to provide a conduc 
tive ink composition comprising a metal complex compound 
having a special structure and an additive and a preparing 
method thereof. 

It is another object of the present invention to provide a 
conductive ink composition enabling easy control of metal 
content and film thickness and a method for preparing the 
SaC. 

It is still another object of the present invention to provide 
a conductive ink composition being calcined even at a low 
temperature of 200° C. or below and enabling easy formation 
of uniform and precise film or micropattern with good con 
ductivity and a method for preparing the same. 

It is still another object of the present invention to provide 
a conductive ink composition having Superior stability and 
solubility and enabling easy formation of film without regard 
to the particular substrate used and a method for preparing the 
SaC. 

To attain the objects, the present inventors invented a con 
ductive ink composition comprising a metal complex com 
pound obtained by reacting at least one metal or metal com 
pound represented by the formula 1 below with at least one 
ammonium carbamate- or ammonium carbonate-based com 
pound represented by the formula 2, 3 or 4 below and an 
additive and a method for preparing the same: 

(1) 
MX 

(2) 

leG) / 
NCONH-R 

Rs 
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-continued 
(3) 

R. R. R4 V (eele6 y 
R-HNOCONH-Rs 

/ V 

(4) 

In the formula 1, M is a metal or metal alloy, n is an integer 
from 1 to 10 and X is nonexistent or at least one substituent 
selected from the group consisting of hydrogen, ammonium, 
oxygen, Sulfur, halogen, cyano, cyanate, carbonate, nitrate, 
nitrite, Sulfate, phosphate, thiocyanate, chlorate, perchlorate, 
tetrafluoroborate, acetylacetonate, mercapto, amide, alkox 
ide, carboxylate and derivatives thereof. 
And in the formulas 2 to 4, each of R1, R2, R3, R4, R5 and 

R6 is independently selected from hydrogen; substituted or 
unsubstituted C-C aliphatic alkyl, cycloaliphatic alkyl, 
aryl or aralkyl; polymer compound; heterocyclic compound; 
and derivatives thereof, where R1 and R2 or R4 and R5 may 
be connected with each other to forman alkylene ring with or 
without a heteroatom. Although not limiting the present 
invention, it is preferable that R1 and R4 are C-C aliphatic 
alkyl and each of R3, R4, R5 and R6 is respectively hydrogen 
or C-C aliphatic alkyl. 

Nonrestrictive specific examples of the compound repre 
sented by the formula 1 are metals such as Ag, Au, Cu, Zn, Ni, 
Co, Pd, Pt, Ti,V, Mn, Fe, Cr, Zr, Nb, Mo, W, Ru, Cd, Ta, Re, 
Os, Ir, Al, Ga, Ge, In, Sn, Sb, Pb, Bi, Sm, Eu, Ac and Thor 
alloys thereof, when n is 1 and X is nonexistent, and metal 
compounds such as copper oxide, Zinc oxide, Vanadium 
oxide, nickel Sulfide, palladium chloride, copper carbonate, 
iron chloride, gold chloride, nickel chloride, cobalt chloride, 
bismuth nitrate, Vanadium acetylacetonate, cobalt acetate, tin 
lactate, manganese oxalate, gold acetate, palladium oxalate, 
copper 2-ethylhexanoate, iron Stearate, nickel formate, 
ammonium molybdate, Zinc citrate, bismuth acetate, copper 
cyanide, cobalt carbonate, platinum chloride, hydrogen chlo 
roaurate, tetrabutoxytitanium, dimethoxy Zirconium dichlo 
ride, aluminum isopropoxide, tin tetrafluoroborate, tantalum 
methoxide, dodecylmercaptoaurate, indium acetylacetonate 
and derivatives thereof. 

Preferably, the metal or metal compound represented by 
the formula 1 is silver (Ag) or a silver compound, where n is 
an integer from 1 to 4 and X is at least one selected from the 
group consisting of oxygen, Sulfur, halogen, cyano, cyanate, 
carbonate, nitrate, nitrite, Sulfate, phosphate, thiocyanate, 
chlorate, perchlorate, tetrafluoroborate, acetylacetonate, car 
boxylate and derivatives thereof. Nonrestrictive examples of 
Such silver compound are silver oxide, silver thiocyanate, 
silver cyanide, silver cyanate, silver carbonate, silver nitrate, 
silver nitrite, silver sulfate, silver phosphate, silver perchlor 
ate, silver tetrafluoroborate, silver acetylacetonate, silver 
acetate, silver lactate, silver oxalate and derivatives thereof. 
The silver alloy may be formed from at least one metal 
selected from Au, Cu, Ni, Co, Pd, Pt,Ti,V, Mn, Fe, Cr, Zr, Nb, 
Mo, W, Ru, Cd, Ta, Re, Os, Ir, Al, Ga, Ge, In, Sn, Sb, Pb, Bi, 
Si. As, Hg, Sm, Eu, Th Mg, Ca,Sr and Ba, but not particularly 
limited to them. 

Nonrestrictive specific examples of R1,R2, R3, R4, R5 and 
R6 in the formulas 2 to 4 are hydrogen, methyl, ethyl, propyl. 
isopropyl, butyl, isobutyl, amyl, hexyl, ethylhexyl, heptyl, 
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4 
octyl, isooctyl, nonyl, decyl, dodecyl, hexadecyl, octadecyl. 
docodecyl cyclopropyl, cyclopentyl, cyclohexyl, allyl, 
hydroxy, methoxy, methoxyethyl, methoxypropyl, cyanoet 
hyl, ethoxy, butoxy, hexyloxy, methoxyethoxyethyl, meth 
oxyethoxyethoxyethyl, hexamethyleneimine, morpholine, 
piperidine, piperazine, ethylenediamine, propylenediamine, 
hexamethylenediamine, triethylenediamine, pyrrole, imida 
Zole, pyridine, carboxymethyl, trimethoxysilylpropyl, tri 
ethoxysilylpropyl, phenyl, methoxyphenyl, cyanophenyl, 
phenoxy, tollyl, benzyl, derivatives thereof, polymer com 
pounds such as polyallylamine and polyethyleneimine and 
derivatives thereof. 

Specific examples of the ammonium carbamate-based 
compound represented by the formula 2 are ammonium car 
bamate, ethylammonium ethylcarbamate, isopropylammo 
nium isopropylcarbamate, n-butylammonium n-butylcar 
bamate, isobutylammonium isobutylcarbamate, 
t-butylammonium t-butylcarbamate, 2-ethylhexylammo 
nium 2-ethylhexylcarbamate, octadecylammonium octade 
cylcarbamate, 2-methoxyethylammonium 2-methoxyethyl 
carbamate, 2-cyanoethylammonium 2-cyanoethylcarbamate, 
dibutylammonium dibutylcarbamate, dioctadecylammonium 
dioctadecylcarbamate, methyldecylammonium methyldecyl 
carbamate, hexamethyleneiminium hexamethyleneiminecar 
bamate, morpholinium morpholinecarbamate, pyridinium 
ethylhexylcarbamate, triethylenediaminium isopropylcar 
bamate, benzylammonium benzylcarbamate, triethoxysilyl 
propylammonium triethoxysilylpropylcarbamate, etc. Spe 
cific examples of the ammonium carbonate-based compound 
represented by the formula 3 are ammonium carbonate, ethy 
lammonium ethylcarbonate, isopropylammonium isopropy 
lcarbonate, n-butylammonium n-butylcarbonate, isobuty 
lammonium isobutylcarbonate, t-butylammonium 
t-butylcarbonate, 2-ethylhexylammonium 2-ethylhexylcar 
bonate, 2-methoxyethylammonium 2-methoxyethylcarbon 
ate, 2-cyanoethylammonium 2-cyanoethylcarbonate, octade 
cylammonium octadecylcarbonate, dibutylammonium 
dibutylcarbonate, ioctadecylammonium dioctadecylcarbon 
ate, methyldecylammonium methyldecylcarbonate, hexam 
ethyleneiminiumammonium hexamethyleneiminecarbonate, 
morpholinium morpholinecarbonate, benzylammonium ben 
Zylcarbonate, triethoxysilylpropylammonium triethoxysilyl 
propylcarbonate, triethylenediaminium isopropylcarbonate, 
etc. And, specific examples of the carbonate-based compound 
represented by the formula 4 are ammonium bicarbonate, 
isopropylammonium bicarbonate, t-butylammonium bicar 
bonate, 2-ethylhexylammonium bicarbonate, 2-methoxy 
ethylammonium bicarbonate, 2-cyanoethylammonium bicar 
bonate, dioctadecylammonium bicarbonate, pyridinium 
bicarbonate, triethylenediaminium bicarbonate and deriva 
tives thereof. 

Preparation method of the ammonium carbamate- or 
ammonium carbonate-based compound represented by the 
formulas 2 to 4 and is not particularly limited. For example, 
the ammonium carbamate-based compound may be prepared 
from a primary amine, a secondary amine, a tertiary amine or 
a mixture thereof and carbon dioxide, as disclosed in U.S. Pat. 
No. 4,542.214 (Sep. 17, 1985), J. Am. Chem. Soc., 123, p. 
10393 (2001), Langmuir. 18, p. 71247 (2002). An ammonium 
carbonate-based compound is obtained if 0.5 mole of water is 
used per 1 mole of amine and an ammonium bicarbonate 
based compound is obtained when 1 mole or more of water is 
used. The preparation may be performed under normal pres 
Sure or applied pressure without a solventor in the presence of 
Such solvent as alcohols like methanol, ethanol, isopropanol 
and butanol, glycols like ethylene glycol and glycerine, 
acetates like ethyl acetate, butyl acetate and carbitol acetate, 
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ethers like diethyl ether, tetrahydrofuran and dioxane, 
ketones like methyl ethyl ketone and acetone, hydrocarbons 
like hexane and heptane, aromatic solvents like benzene and 
toluene and halogen-substituted Solvents like chloroform, 
methylene chloride and carbon tetrachloride. The carbon 
dioxide may be bubbled in gas phase or used in the form of dry 
ice. Alternatively, the preparation may be performed in the 
Supercritical phase. Any other known methods can be applied 
in the preparation of the ammonium carbamate derivative and 
ammonium the carbonate-based derivative used in the present 
invention, as long as the final structure is the same. That is, 
Solvent, reaction temperature, concentration, catalyst, etc. are 
not particularly limited in the preparation. Nor the prepara 
tion yield is particularly limited. 

Along with the carbon dioxide, a composite ammonium 
compound obtained by reacting an amine compound with a 
triatomic molecule may be used. For example, an adduct 
obtained by reacting an amine compound Such as propy 
lamine, decylamine and octadecylamine with nitrogen diox 
ide, sulfur dioxide or carbon disulfide, refer to Langmuir. 19, 
p. 1017 (2003) and Langmuir. 19, p. 8168 (2003), may be 
used along with the ammonium compound of the present 
invention. Or, a composite ammonium carbamate or carbon 
ate-based compound may be prepared directly during the 
reaction with amine, using the triatomic molecule and carbon 
dioxide. Besides, a compound obtained by reacting the amine 
compound with a boron compound such as boric acid and 
boron acid can be used and Such ammonium compound as 
ammonium sulfamate, ammonium sulfate, ammonium 
hydrogensulfate, ammonium sulfite and a mixture thereof 
may be used. 
The ammonium carbamate- or ammonium carbonate 

based compound is reacted with the metal or metal compound 
to prepare a metal complex compound. For example, at least 
one metal or metal compound represented by the formula 1 
and at least one ammonium carbamate- or ammonium car 
bonate-based compound represented by the formulas 2, 3 or 4 
are reacted under nitrogen atmosphere at normal pressure or 
applied pressure without a solvent or in the presence of Such 
Solvent as water, alcohols like methanol, ethanol, isopropanol 
and butanol, glycols like ethylene glycol and glycerine, 
acetates like ethyl acetate, butyl acetate and carbitol acetate, 
ethers like diethyl ether, tetrahydrofuran and dioxane, 
ketones like methyl ethyl ketone and acetone, hydrocarbons 
like hexane and heptane, aromatic solvents like benzene and 
toluene and halogen-substituted Solvents like chloroform, 
methylene chloride and carbon tetrachloride or a mixture 
thereof. Alternatively, the metal complex compound may be 
prepared by preparing a solution comprising the metal or 
metal compound represented by the formula 1 and at least one 
amine compound and reacting the Solution with carbon diox 
ide. This reaction may also be performed under normal pres 
Sure or applied pressure without a solventor in the presence of 
a solvent. However, the preparation method of the metal 
complex compound is not particularly limited and any known 
methods can be applied, as long as the final structure is the 
same. That is, solvent, reaction temperature, concentration, 
catalyst, etc. are not particularly limited. Northe preparation 
yield is particularly limited. 

The conductive ink composition of the present invention 
comprises the metal complex compound and an additive. The 
additive comprised in the ink composition of the present 
invention may be such known compounds as conductor, metal 
precursor, oxidant, stabilizer, Solvent, dispersing agent, 
binder resin, reductant, Surfactant, wetting agent, thixotropic 
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6 
agent and leveling agent. The additive is not particularly 
limited and any known additive may be used within the pur 
pose of the present invention. 
As the additive used in the present invention, the kind, size 

or shape of the conductor or metal precursor is not particu 
larly limited. For the conductor, at least one metal selected 
from the group consisting of transition metals such as Ag, Au, 
Cu, Zn, Ni, Co, Pd, Pt, Ti,V, Mn, Fe, Cr, Zr, Nb, Mo, W, Ru, 
Cd, Ta, Re, Os and Ir, metals such as Al, Ga, Ge, In, Sn, Sb, Pb 
and Bi, lanthanides such as Sm and Eu and actinides Such as 
Ac and Th, alloys thereofor alloy oxides thereof may be used. 
In addition, conductive carbon black, graphite, carbon nano 
tube and Such conductive polymers as polyacetylene, poly 
pyrrole, polyaniline, polythiophene and derivatives thereof 
may be used. 
The metal precursor is not particularly limited, either. That 

is, any metal precursor may be used within the purpose of the 
present invention, and one endowed with conductivity 
through heat treatment, oxidation or reduction treatment, IR, 
UV, electron beam or laser treatment, etc. is more preferred. 
For example, the metal precursor may be an organometal 
compound or metal salt and, in general, is represented by the 
formula 1, where M is at least one metal selected from Ag, Au, 
Cu, Zn, Ni, Co, Pd, Pt, Ti,V, Mn, Fe, Cr, Zr, Nb, Mo, W, Ru, 
Cd, Ta, Re, Os, Ir, Al, Ga, Ge, In, Sn, Sb, Pb, Bi, Sm, Eu, Ac 
and Thor an alloy thereof, n is an integer from 1 to 10 and X 
is at least one substituent selected from hydrogen, ammo 
nium, oxygen, Sulfur, halogen, cyano, cyanate, carbonate, 
nitrate, nitrite, Sulfate, phosphate, thiocyanate, chlorate, per 
chlorate, tetrafluoroborate, acetylacetonate, mercapto, 
amide, alkoxide, carboxylate and derivatives thereof. 

Specifically, at least one of a metal carboxylate such as 
gold acetate, silver acetate (silver acetate), palladium oxalate, 
silver 2-ethylhexanoate, copper 2-ethylhexanoate, iron Stear 
ate, nickel formate and Zinc citrate and a metal compound 
Such as silver nitrate, copper cyanide, cobalt carbonate, plati 
num chloride, hydrogen tetrachloroaurate, tetrabutoxytita 
nium, dimethoxy Zirconium dichloride, aluminum isopro 
poxide, tin tetrafluoroborate, Vanadium oxide, indium-tin 
oxide, tantalum methoxide, bismuth acetate, dodecylmercap 
toaurate and indium acetylacetonate may be used. 
The conductor or metal precursor may have a spherical, 

linear or planar shape or a combination thereof. They may be 
in the form of particle, including nanoparticle, powder, flake, 
colloid, hybrid, paste, Sol, Solution or a combination thereof. 
Size or content of the conductor or metal precursor is not 
particularly limited, as long as they do not negatively affect 
the properties of the ink. Preferably, the conductor or metal 
precursor is equal to or Smaller than 50 microns in size, 
considering the film thickness after calcination, more prefer 
ably between 1 nm and 25 microns. It is preferable that they 
are not used in excess, so that the calcination temperature 
does not rise excessively or coating or pattern formation is not 
negatively affected. In general, they are used in 1-90 wt %, 
preferably in 10-70 wt %, per 100 wt % of the entire ink 
composition. 
An oxidant may be used as additive in the preparation of the 

metal complex compound. The oxidant may be an oxidative 
gas such as air, oxygen and oZone, a peroxide Such as hydro 
gen peroxide (H2O), Na2O, KO, NaBO, KSOs, (NH) 
SOs, NaSOs, HSOs, KHSOs, (CH),COH and 
(CH-CO), a peroxy acid such as HCOH, CHCOH, 
CFCOH, CH-COH, m-CICH-COH, a generally known 
oxidative inorganic acid Such as nitric acid, Sulfuric acid, I, 
FeC1, Fe(NO), Fe(SO), KFe(CN), (NH), Fe(SO4), 
Ce(NH) (SO), NaIO, KMnO and KCrO, a metal or a 
nonmetal compound. The oxidant may be used either alone or 
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in combination. Heating, cooling, electrolysis, ultrasonifica 
tion, microwave treatment, high-frequency treatment, plasma 
treatment, IR treatment or UV treatment may be performed 
during the preparation. 
The stabilizer may comprise, for example, at least one of an 

amine compound Such as primary amine, secondary amine 
and tertiary amine, an ammonium carbamate, ammonium 
carbonate or ammonium bicarbonate-based compound 
described above, a phosphorus compound Such as phosphine 
and phosphite or a Sulfur compound such as thiol and Sulfide. 
Specifically, the amine compound may be methylamine, 
ethylamine, n-propylamine, isopropylamine, n-butylamine, 
isobutylamine, isoamylamine, n-hexylamine, 2-ethylhexy 
lamine, n-heptylamine, n-octylamine, isooctylamine, nony 
lamine, decylamine, dodecylamine, hexadecylamine, octade 
cylamine, docodecylamine, cyclopropylamine, 
cyclopentylamine, cyclohexylamine, allylamine, 
hydroxyamine, ammonium hydroxide, methoxyamine, 
2-ethanolamine, methoxyethylamine, 2-hydroxypropy 
lamine, methoxypropylamine, cyanoethylamine, 
ethoxyamine, n-butoxyamine, 2-hexyloxyamine, methoxy 
ethoxyethylamine, methoxyethoxyethoxyethylamine, 
diethylamine, dipropylamine, diethanolamine, hexamethyl 
eneimine, morpholine, piperidine, piperazine, ethylenedi 
amine, propylenediamine, hexamethylenediamine, triethyl 
enediamine, 2.2-(ethylenedioxy)bisethylamine, 
triethylamine, triethanolamine, pyrrole, imidazole, pyridine, 
aminoacetaldehyde dimethyl acetal, 3-aminopropyltri 
methoxysilane, 3-aminopropyltriethoxysilane, aniline, anisi 
dine, aminobenzonitrile, benzylamine, derivatives thereof or 
Such polymer compounds as polyallylamine and polyethyl 
eneimine or derivatives thereof. Specific examples of the 
ammonium compound are ammonium carbamate-based 
compounds such as ammonium carbamate, ethylammonium 
ethylcarbamate, isopropylammonium isopropylcarbamate, 
n-butylammonium n-butylcarbamate, isobutylammonium 
isobutylcarbamate, t-butylammonium t-butylcarbamate, 
2-ethylhexylammonium 2-ethylhexylcarbamate, octadecy 
lammonium octadecylcarbamate, 2-methoxyethylammo 
nium 2-methoxyethylcarbamate, 2-cyanoethylammonium 
2-cyanoethylcarbamate, dibutylammonium dibutylcarbam 
ate, dioctadecylammonium dioctadecylcarbamate, methyl 
decylammonium methyldecylcarbamate, hexamethylene 
iminium hexamethyleneiminecarbamate, morpholinium 
morpholinecarbamate, pyridinium ethylhexylcarbamate, tri 
ethylenediaminium isopropylcarbamate, benzylammonium 
benzylcarbamate, triethoxysilylpropylammonium triethox 
ysilylpropylcarbamate and derivatives thereof. Such ammo 
nium carbonate-based compounds as ammonium carbonate, 
ethylammonium ethylcarbonate, isopropylammonium iso 
propylcarbonate, n-butylammonium n-butylcarbonate, 
isobutylammonium isobutylcarbonate, t-butylammonium 
t-butylcarbonate, 2-ethylhexylammonium 2-ethylhexylcar 
bonate, 2-methoxyethylammonium 2-methoxyethylcarbon 
ate, 2-cyanoethylammonium 2-cyanoethylcarbonate, octade 
cylammonium octadecylcarbonate, dibutylammonium 
dibutylcarbonate, dioctadecylammonium dioctadecylcar 
bonate, methyldecylammonium methyldecylcarbonate, hex 
amethyleneiminium hexamethyleneiminecarbonate, mor 
pholinium morpholinecarbonate, benzylammonium 
benzylcarbonate, triethoxysilylpropylammonium triethox 
ysilylpropylcarbonate, triethylenediaminium isopropylcar 
bonate and derivatives thereofand Such ammonium bicarbon 
ate-based compounds as ammonium bicarbonate, 
isopropylammonium bicarbonate, t-butylammonium bicar 
bonate, 2-ethylhexylammonium bicarbonate, 2-methoxy 
ethylammonium bicarbonate, 2-cyanoethylammonium bicar 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
bonate, dioctadecylammonium bicarbonate, pyridinium 
bicarbonate, triethylenediaminium bicarbonate and deriva 
tives thereof. The phosphorus compound may be one repre 
sented by the general formula RP or (RO)P, where R is 
C-C alkyl or aryl. Typical examples of Such phosphorus 
compound are tributylphosphine, triphenylphosphine, trieth 
ylphosphite and triphenylphosphite. And, the Sulfur com 
pound may be butanethiol, n-hexanethiol, diethyl sulfide, 
tetrahydrothiophene, etc. The content of the stabilizer is not 
particularly limited, as long as it does not negatively affect the 
ink properties. However, it is preferable that its content is 
0.1-90%, more preferably 1-50%, and most preferably 
5-30%, per 100% of the metal or metal compound, in molar 
ratio. Outside this range, the film conductivity may decrease 
and lead to the decline in storage stability. The declined 
storage stability results in the quality problem of film. In 
addition, the film obtained by coating the ink composition and 
calcining it may be non-uniform or imprecise and a crack may 
occur, if the content of the stabilizer is outside the afore 
mentioned range. 
A solvent may be required to control the viscosity of the ink 

or to facilitate film formation. For this purpose, water, an 
alcohol Such as methanol, ethanol, isopropanol, 1-methox 
ypropanol, butanol, ethylhexyl alcohol and terpineol, a glycol 
Such as ethylene glycol and glycerine, an acetate such as ethyl 
acetate, butyl acetate, methoxypropyl acetate, carbitol acetate 
and ethylcarbitol acetate, an ether Such as methylcelloSolve, 
butylcellosolve, diethyl ether, tetrahydrofuran and dioxane, a 
ketone such as methyl ethyl ketone, acetone, dimethylforma 
mide and 1-methyl-2-pyrrolidone, a hydrocarbon Such as 
hexane, heptane, dodecane, paraffin oil and mineral spirit, an 
aromatic solvent such as benzene, toluene and xylene, a halo 
gen-substituted solvent such as chloroform, methylene chlo 
ride and carbon tetrachloride, acetonitrile, dimethylsulfoxide 
or a mixture thereof may be used. 
The dispersing agent is used to effectively disperse the 

conductor in the form of particle or flake. 4000 series of 
EFKA, Disperbyk series of BYK, Solsperse series of Avecia, 
TEGO Dispers series of Degussa, Disperse-AYD series of 
Elementis, JONCRYL series of Johnson Polymer, etc. may be 
used for this purpose. 
The binder resin may be at least one of an acryl resin such 

as polyacrylic acid and polyacrylic acid ester, a cellulose resin 
Such as ethylcellulose, cellulose ester and cellulose nitrate, an 
aliphatic or copolymer polyester resin, a vinyl resin Such as 
polyvinylbutyral, polyvinylacetate and polyvinylpyrroli 
done, a polyamide resin, a polyurethane resin, a polyether 
resin, a urea resin, an alkyd resin, a silicone resin, a fluorine 
resin, an olefin resin Such as polyethylene and polystyrene, a 
thermoplastic resin Such as petroleum and rosin, an epoxy 
resin, an unsaturated or vinyl polyester resin, a diallylphtha 
late resin, a phenol resin, an oxetane resin, an oxazine resin, a 
bismaleimide resin, a modified silicone resin Such as silicone 
epoxy and silicone polyester, a thermosetting resin Such as 
melamine, an acryl resin hardened by UV or electron beam, 
ethylene-propylene rubber (EPR), styrene-butadiene rubber 
(SBR) or a natural polymer Such as starch and gelatin. 
Besides these organic binder resins, such inorganic binder as 
glass resin and glass frit, a silane coupling agent such as 
trimethoxypropylsilane and vinyltriethoxysilane or a tita 
nium-, Zirconium- or aluminum-based coupling agent may be 
used. 
The Surfactant may be an anionic Surfactant such as Sodium 

lauryl Sulfate, a nonionic Surfactant such as nonylphenoxy 
polyethoxyethanol and FSN of Dupont, a cationic surfactant 
Such as laurylbenzylammonium chloride or an amphoteric 
Surfactant such as lauryl betaine and coco betaine. 
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The wetting agent or wetting-dispersing agent may be 
polyethylene glycol, Surfynol series of Air Product or TEGO 
Wet series of Degussa. And, the thixotropic agent or leveling 
agent may be BYK series of BYK, Glide series of Degussa, 
EFKA 3000 series of EFKA, DSX series of Cognis, etc. 
A reductant may be added to facilitate calcination. For 

example, hydrazine, acetic hydrazide, Sodium or potassium 
borohydride, trisodium citrate, an amine compound Such as 
methyldiethanolamine and dimethylamineborane, a metal 
salt such as ferrous chloride and iron Sulfate, hydrogen, 
hydrogen iodide, carbon monoxide, an aldehyde compound 
Such as formaldehyde and acetaldehyde, an organic com 
pound Such as glucose, ascorbic acid, Salicylic acid, tannic 
acid, pyrogallol and hydroquinone, etc. may be used. 

Alternatively, the conductive ink composition of the 
present invention may be prepared by preparing a mixture 
solution of the metal or metal compound represented by the 
formula 1 with an excess of at least one of amine compound, 
ammonium carbamate- or ammonium carbonate-based com 
pound, adding a conductor, a metal precursor, a dispersing 
agent, a binder or an additive, as required, and then reacting 
the solution with carbon dioxide. This reaction may also be 
performed at normal pressure or applied pressure without 
Solvent or in the presence of a solvent. 
The metal complex compound according to the present inven 
tion can be expressed by the following formula 5: 

MA (5) 

'A' is the compound represented by the formulas 2 to 4 and 
0.5sms5.5. 
The ink composition prepared in accordance with the 

present invention has Superior stability and thus can be easily 
formed into film or pattern using a variety of Substrates 
through coating or printing. For example, it may be coated or 
directly printed on Such substrate as metal, glass, silicon 
wafer, ceramic, plastic film like polyester or polyimide, rub 
ber sheet, fiber, wood and paper. The substrate may be used 
after washing with water, fat removal or special pre-treat 
ment. Examples of the pre-treatment method are plasma, ion 
beam or corona treatment, oxidation or reduction, heating, 
etching, UV treatment, primer treatment using the afore 
mentioned binder or additive, etc. Film preparation or print 
ing may be performed by spin coating, roll coating, spray 
coating, dip coating, flow coating, doctor blade coating, dis 
pensing, ink-jet printing, offset printing, Screen printing, pad 
printing, gravure printing, flexography, stencil printing, 
imprinting, Xerography, lithography, etc., considering the 
physical properties of the ink. 
The viscosity of the ink of the present invention is not 

particularly limited, as long as the film formation or printing 
is not negatively affected. Although changeable depending on 
the preparation method and particular kind of the ink, a vis 
cosity in the range from 0.1 to 1,000,000 cps is preferable and 
one in the range from 1 to 500,000 cps is more preferable. The 
viscosity of the ink becomes an important factor when film or 
pattern formation is performed by ink-jet printing. In Such 
case, a viscosity in the range from 0.1 to 50 cps, preferably in 
the range from 1 to 20 cps, more preferably in the range from 
2-15 cps, is favorable. If the viscosity is smaller, conductivity 
may be not enough because of insufficient film thickness. In 
contrast, if the Viscosity is larger, the ink may not easily flow. 

Such prepared film or pattern may be post-treated by oxi 
dation or reduction, heat treatment, IR, UV, electron beam or 
laser treatment, etc. for metal or metal oxide pattern forma 
tion. The heat treatment may be performed under inert gas 
atmosphere, or in air, nitrogen or carbon monoxide or in a 
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10 
mixture gas comprising hydrogen and air or other inert gas, 
depending on the need. The heat treatment is usually per 
formed at 80-500° C., preferably at 90-300° C., more prefer 
ably at 100-250° C., for better physical properties of the film. 
The heat treatment may be performed at different tempera 
tures for film uniformity. For example, the heat treatment may 
be performed at 80-150° C. for 1-30 minutes, and then at 
150-300° C. for 1-30 minutes. 
The present invention provides a variety of conductive ink 

compositions comprising a metal complex compound 
obtained by reacting at least one metal or metal compound 
represented by the formula 1 with at least one ammonium 
carbamate- or ammonium carbonate-based compound repre 
sented by the formula 2, 3 or 4 and an additive. 
The ink composition of the present invention has Superior 

stability and solubility, enables easy film formation and is 
readily calcined even at low temperature of 200° C. or below 
to form film or pattern with good conductivity. The ink com 
position of the present invention may be coated or directly 
printed on a variety of Substrates, including metal, glass, 
silicon wafer, ceramic, plastic film like polyester or polyim 
ide, rubber sheet, fiber, wood and paper. Depending on the 
physical properties of the ink, a variety of film formation or 
printing methods, such as spin coating, roll coating, spray 
coating, dip coating, flow coating, doctor blade coating and 
dispensing, ink-jet printing, offset printing, Screen printing, 
pad printing, gravure printing, flexography, stencil printing, 
imprinting, Xerography, lithography, etc. are applicable. 
Use of the ink composition of the present invention enables 

formation of uniform film having Superior conductivity and 
adhesivity. Moreover, the film is hardly cracked. 

In addition, the ink composition of the present invention 
may be used in EMI shielding materials, conductive adhe 
sives, low-resistance metal wirings, PCBs, FPCs, antennas 
for RFID tags, solar cells, secondary cells or fuel cell and 
electrodes or wirings of PDPs, TFT-LCDs, OLEDs, flexible 
displays and OTFTs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is the TGA (thermogram) for the metal ink compo 
sition of Example 1. 

FIG. 2 is the pattern silk-screen printed on PET film using 
the metal ink composition of Example 1. 

FIG. 3 is the TGA for the conductive ink composition of 
Example 15. 

FIG. 4 is the pattern silk-screen printed on PET film using 
the ink composition of Example 15. 

FIG. 5 is the TGA for the ink composition of Example 52. 
FIG. 6 is the pattern ink-jet printed using the ink compo 

sition of Example 82. 
FIG. 7 is the pattern silk-screen printed on PET film using 

the ink composition of Example 83. 
FIG. 8 is the pattern gravure printed using the ink compo 

sition of Example 84. 
FIG. 9 is the TGA for the ink composition of Example 85. 
FIG. 10 is the pattern silk-screen printed on PET film using 

the ink composition of Example 97. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Hereinafter, the present invention is described in further 
detail referring to the examples. However, it will be appreci 
ate that those skilled in the art, in consideration of this dis 
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closure, may make modifications and improvements within 
the spirit and scope of the present invention. 

Example 1 

9.52 g (31.48 mmol) of 2-ethylhexylammonium 2-ethyl 
hexylcarbamate, a viscous liquid, was dissolved in a mixture 
solution comprising 10.00 mL of methanol and 3.00 mL of 
aqueous Solution in a 50 mL Schlenk flask equipped with a 
stirrer. Then, 1.00 g (15.74 mmol) of copperpowder (Aldrich, 
particle size=1-5 microns) was added and reaction was per 
formed at room temperature for 30 minutes under oxygen 
bubbling. As the reaction proceeded, the reaction mixture 
turned into a dark brown slurry and finally into a blue, trans 
parent solution. The solvent was removed from the reaction 
Solution in vacuum to obtain 7.15g of a blue copper complex 
compound. Thermogravimetric analysis (TGA) confirmed 
that the copper content was 11.28 wt %. To 3.00 g of the 
copper complex compound were added 5.00 g of copper flake 
(TSC-20F. Chang Sung) 0.20 g of polyvinylbutyral (BS-18, 
Wacker), a binder, dissolved in 1.80 g of butylcarbitol. After 
10 minutes of stirring, the mixture was passed through a 
three-roll mill (Drais Mannheim) for 5 times to obtain a 
conductive ink composition having a viscosity of 72,600 cps. 
Thermogravimetric analysis confirmed that the metal content 
was 53.33 wt % (see FIG.1). The ink composition was coated 
on PET film under nitrogen atmosphere using a silk-screen 
printer patterned to 325 meshes to obtain a uniform and 
precise film, which was calcined at the temperature given in 
Table 1 below to obtain the pattern shown in FIG. 2. Conduc 
tivity (planar resistance) and adhesivity of the film are given 
in Table 1. 

Example 2 

6.99 g (31.48 mmol) of 3-methoxypropylammonium 
3-methoxypropylcarbamate, a viscous liquid, was dissolved 
in 2.00 g of a mixture solution comprising 5.00 mL of metha 
nol and 50 wt % aqueous hydrogen peroxide (H2O) Solution 
in a 50 mL Schlenk flask equipped with a stirrer. Then, 1.00 g 
(15.74 mmol) of metallic copper was added and reaction was 
performed at room temperature for 2 hours. As the reaction 
proceeded, the reaction mixture turned into a brown slurry 
and finally into a blue, transparent solution. The solvent was 
removed from the reaction solution in vacuum to obtain 5.58 
g of a blue copper complex compound. Thermogravimetric 
analysis (TGA) confirmed that the copper content was 16.26 
wt %. 1.00 g of the copper complex compound was dissolved, 
by adding 1.00 g methanol. Then, 8.00 g of a complex com 
pound obtained by reacting a 1:1 (molar ratio) mixture of 
2-ethylhexylammonium 2-ethylhexylcarbamate and 2-meth 
oxyethylammonium 2-methoxyethylcarbamate with silver 
oxide (silver content=22.00 wt %) to obtain a transparent ink 
composition having a viscosity of 50.7 cps. The ink compo 
sition was coated under nitrogen atmosphere to obtain a uni 
form and precise film, which was calcined at the temperature 
given in Table 1. Conductivity (planar resistance) and adhe 
sivity of the film are given in Table 1. 

Example 3 

7.53 g (41.88 mmol) of isopropyl ammonium isopropyl 
carbonate was dissolved in 1.89 g of a mixture solution com 
prising 20.00 mL of methanol and 50 wt % aqueous hydrogen 
peroxide (HO) solution in a 50 mL Schlenk flask equipped 
with a stirrer. Then, 1.00 g (6.98 mmol) of copper oxide (I) 
was added and reaction was performed at room temperature 
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12 
for 2 hours. As the reaction proceeded, the reaction mixture 
turned into a brown slurry and finally into a blue, transparent 
solution. The solvent was removed from the reaction solution 
in vacuum to obtain 6.28 g of a blue copper complex com 
pound. Thermogravimetric analysis (TGA) confirmed that 
the copper content was 14.17 wt %. 3.00 g of the copper 
complex compound was added to 2.80 g of a transparent 
butylcellosolve solution in which 4.00 g of silver flake 
(EA0295, Chemet) and 0.20 g of polyvinylbutyral (Wacker), 
a binder, were dissolved. After 10 minutes of stirring, the 
solution was passed through a three-roll mill for 5 times to 
obtain a conductive ink composition having a viscosity of 
350.4 cps. The ink composition was coated under nitrogen 
atmosphere to obtain a uniform and precise film, which was 
calcined at the temperature given in Table 1. Conductivity 
(planar resistance) and adhesivity of the film are given in 
Table 1. 

Example 4 

6.79 g (41.88 mmol) of isopropyl ammonium isopropyl 
carbamate was dissolved in 1.89 g of a mixture solution 
comprising 20.00 mL of methanol and 50 wt % aqueous 
hydrogen peroxide (HO) solution in a 50 mL Schlenk flask 
equipped with a stirrer. Then, 1.00 g (6.98 mmol) of copper 
oxide (I) was added and reaction was performed at room 
temperature for 2 hours. As the reaction proceeded, the reac 
tion mixture turned into a brown slurry and finally into a blue, 
transparent solution. The solvent was removed from the reac 
tion solution in vacuum to obtain 6.35 g of a blue copper 
complex compound. Thermogravimetric analysis (TGA) 
confirmed that the copper content was 14.61 wt %. 2.00 g of 
the copper complex compound was added to a solution in 
which 1.00 g of methanol and 1.00 g of 2-ethylhexylamine 
were dissolved in 6.00 g of silver acetate. After 10 minutes of 
stirring, a transparent ink composition having a viscosity of 
26.7 cps was obtained. The ink composition was coated under 
nitrogen atmosphere to obtain a uniform and precise film, 
which was calcined at the temperature given in Table 1. Con 
ductivity (planar resistance) and adhesivity of the film are 
given in Table 1. 

Example 5 

11.56 g (38.22 mmol) of 2-ethylhexylammonium 2-ethyl 
hexylcarbamate, a viscous liquid, was dissolved in 5.00 mL of 
acetonitrile and 10.00 mL of methanol in a 50 mL Schlenk 
flask equipped with a stirrer. Then, 1.00 g (15.29 mmol) of 
Zinc powder (Aldrich, particle size=100 meshes or smaller) 
was added and reaction was performed at room temperature 
for 10 hours. As the reaction proceeded, the reaction mixture 
turned into a gray slurry and finally into a colorless, transpar 
ent solution. The solvent was removed from the reaction 
solution in vacuum to obtain 11.87 g of a white Zinc complex 
compound. Thermogravimetric analysis (TGA) confirmed 
that the zinc content was 14.78 wt %. 2.00 g of the zinc 
complex compound was added to 2.80 g of a transparent 
methylcellosolve solution in which 5.00 g of silver flake 
(Chemet) and 0.20 g of polyvinylbutyral (Wacker), a binder, 
were dissolved. After 10 minutes of stirring, the solution was 
passed through a three-roll mill for 5 times to obtain a con 
ductive ink composition having a viscosity of 1.260 cps. The 
ink composition was coated under nitrogen atmosphere to 
obtain a uniform and precise film, which was calcined at the 
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temperature given in Table 1. Conductivity (planar resis 
tance) and adhesivity of the film are given in Table 1. 

Example 6 

6.63 g (36.84 mmol) of isopropylammonium isopropylbi 
carbonate was dissolved in 7.00 mL of a 14 wt % ammonia 
aqueous Solution in a 50 mL Schlenk flask equipped with a 
stirrer. Then, 1.00 g (12.28 mmol) of zinc oxide (II) was added 
and reaction was performed at room temperature for 2 hours. 
As the reaction proceeded, the reaction mixture turned into a 
white slurry and finally into a colorless, transparent solution. 
The solvent was removed from the reaction solution in 
vacuum to obtain 5.52 g of a white Zinc complex compound. 
Thermogravimetric analysis (TGA) confirmed that the Zinc 
content was 15.20 wt %. 1.00 g of the zinc complex com 
pound was added to a solution in which 7.00 g of a silver 
complex compound prepared by reacting isopropylammo 
nium isopropylcarbonate with silver oxide (silver con 
tent 36.45 wt %) was dissolved in 2.00 g of methanol. After 
10 minutes of stirring, a transparent ink composition having a 
Viscosity of 27.4 cps was obtained. The ink composition was 
coated under nitrogen atmosphere to obtain a uniform and 
precise film, which was calcined at the temperature given in 
Table 1. Conductivity (planar resistance) and adhesivity of 
the film are given in Table 1. 

Example 7 

1.00 g (7.71 mmol) of hydrated nickel chloride (II)-6 was 
dissolved in 5.00 mL of an aqueous solution in a 50 mL 
Schlenk flask equipped with a stirrer. Then, a solution in 
which 5.83 g (19.27 mmol) of 2-ethylhexylammonium 2-eth 
ylhexylcarbamate, a viscous liquid, was dissolved in 10.00 
mL of benzene was added and reaction was performed at 
room temperature for 2 hours while vigorously stirring the 
Solution. As the reaction proceeded, the reaction mixture 
turned into a green slurry and finally turned white. The col 
orless, transparent aqueous phase was separated from the 
green, transparent organic phase. The solvent was removed 
from the organic phase in vacuum to obtain 4.73 g of an 
emerald green nickel complex compound. Thermogravimet 
ric analysis (TGA) confirmed that the zinc content was 14.51 
wt %. 1.00 g of the nickel complex compound was added to a 
solution in which 6.00 g of a silver complex compound pre 
pared by reacting 2-ethylhexylammonium 2-ethylhexylcar 
bamate with silver oxide (silver content=22.00 wt %) was 
dissolved in 3.00 g of methanol. After 10 minutes of stirring, 
a transparent ink composition having a viscosity of 127.2 cps 
was obtained. The ink composition was coated under nitrogen 
atmosphere to obtain a uniform and precise film, which was 
calcined at the temperature given in Table 1. Conductivity 
(planar resistance) and adhesivity of the film are given in 
Table 1. 

Example 8 

1.00 g (7.70 mmol) of hydrated cobalt chloride (II)-6 was 
dissolved in 5.00 mL of an aqueous solution in a 50 mL 
Schlenk flask equipped with a stirrer. Then, a solution in 
which 5.82 g (19.25 mmol) of 2-ethylhexylammonium 2-eth 
ylhexylcarbamate, a viscous liquid, was dissolved in 10.00 
mL oftoluene was added and reaction was performed at room 
temperature for 2 hours while vigorously stirring the solution. 
As the reaction proceeded, the reaction mixture turned into a 
red slurry and finally turned purple. The colorless, transparent 
aqueous phase was separated from the purple, transparent 
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14 
organic phase. The solvent was removed from the organic 
phase in vacuum to obtain 5.36 g of a purple cobalt complex 
compound. Thermogravimetric analysis (TGA) confirmed 
that the cobalt content was 14.51 wt %. 1.00 g of the cobalt 
complex compound was added to a solution in which 6.00g of 
a silver complex compound prepared by reacting 2-ethyl 
hexylammonium 2-ethylhexylcarbamate with silver oxide 
(silver content=22.00 wt %) was dissolved in 3.00 g of metha 
nol. After 10 minutes of Stirring, a transparent ink composi 
tion having a viscosity of 347.2 cps was obtained. The ink 
composition was coated under nitrogen atmosphere to obtain 
a uniform and precise film, which was calcined at the tem 
perature given in Table 1. Conductivity (planar resistance) 
and adhesivity of the film are given in Table 1. 

Example 9 

2.62 g (16.18 mmol) ofisopropylammonium isopropylcar 
bamate was dissolved in 5.00 mL of methanol in a 50 mL 
Schlenk flask equipped with a stirrer. Then, 1.00 g (0.81 
mmol) of hydrated ammonium molybdate (VI)-4 ((NH4) 
Mo.O-4H2O) was added and reaction was performed at 
room temperature for 10 hours. As the reaction proceeded, the 
reaction mixture turned into a green slurry and finally into a 
colorless, transparent solution. The solvent was removed 
from the reaction solution in vacuum to obtain 3.02 of a white 
molybdenum complex compound. Thermogravimetric 
analysis (TGA) confirmed that the molybdenum content was 
16.62 wt %. 2.00 g of the molybdenum complex compound 
was added to 2.80 g of a transparent butylcellosolve solution 
in which 5.00 g of silver flake and 0.20 g of polyvinylbutyral, 
a binder, were dissolved. After 10 minutes of stirring, the 
solution was passed through a three-roll mill for 5 times to 
obtain a conductive ink composition having a viscosity of 
940.8 cps. The ink composition was coated under nitrogen 
atmosphere to obtain a uniform and precise film, which was 
calcined at the temperature given in Table 1. Conductivity 
(planar resistance) and adhesivity of the film are given in 
Table 1. 

Example 10 

8.92 g (55.5 mmol) of isopropylammonium isopropylcar 
bamate was dissolved in 5.00 mL of methanol in a 50 mL 
Schlenk flask equipped with a stirrer. Then, 1.00 g (5.50 
mmol) of Vanadium oxide (V) was added and reaction was 
performed at room temperature for 10 hours. As the reaction 
proceeded, the reaction mixture turned into a yellow slurry 
and finally into a colorless, transparent Solution. The solvent 
was removed from the reaction solution in vacuum to obtain 
9.35 of a white vanadium complex compound. Thermogravi 
metric analysis (TGA) confirmed that the vanadium content 
was 12.37 wt.%. 2.00 g of the vanadium complex compound 
was added to 2.80 g of a transparent butylcellosolve solution 
in which 5.00 g of silver flake and 0.20 g of polyvinylbutyral, 
a binder, were dissolved. After 10 minutes of stirring, the 
solution was passed through a three-roll mill for 5 times to 
obtain a conductive ink composition having a viscosity of 
1.540 cps. The ink composition was coated under nitrogen 
atmosphere to obtain a uniform and precise film, which was 
calcined at the temperature given in Table 1. Conductivity 
(planar resistance) and adhesivity of the film are given in 
Table 1. 

Example 11 

7.65 g (25.31 mmol) of 2-ethylhexylammonium 2-ethyl 
hexylcarbamate, a viscous liquid, was dissolved in 5.00 mL of 
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ethyl acetate in a 50 mL Schlenk flask equipped with a stirrer. 
Then, 1.00 g (2.53 mmol) of bismuth nitrate (III) was added 
and reaction was performed at room temperature for 2 hours. 
As the reaction proceeded, the reaction mixture turned into a 
white slurry and finally into a colorless, transparent solution. 
The solvent was removed from the reaction solution in 
vacuum to obtain 5.16 of a white bismuth complex com 
pound. Thermogravimetric analysis (TGA) confirmed that 
the bismuth content was 11.35 wt %. 2.00 g of the bismuth 
complex compound was added to 2.80 g of a transparent 
butylcellosolve solution in which 5.00 g of silver flake and 
0.20 g of polyvinylbutyral, a binder, were dissolved. After 10 
minutes of stirring, the Solution was passed through a three 
roll mill for 5 times to obtain a conductive ink composition 
having a viscosity of 1,620 cps. The ink composition was 
coated under nitrogen atmosphere to obtain a uniform and 
precise film, which was calcined at the temperature given in 
Table 1. Conductivity (planar resistance) and adhesivity of 
the film are given in Table 1. 

Example 12 

1.00 g (5.64 mmol) of palladium chloride (II) was dis 
solved in 5.00 mL of an aqueous solution in a 50 mL Schlenk 
flask equipped with a stirrer. Then, a solution in which 1.71 g 
(16.92 mmol) of 2-ethylhexylammonium 2-ethylhexylcar 
bamate, a viscous liquid, was dissolved in 5.00 mL of ethyl 
acetate was added and reaction was performed at room tem 
perature for 2 hours while vigorous stirring the Solution. As 
the reaction proceeded, the reaction mixture turned into a red 
slurry and finally turned colorless. The colorless, transparent 
aqueous phase was separated from the colorless, transparent 
organic phase. The solvent was removed from the organic 
phase in vacuum to obtain 2.22 of a yellow, transparent pal 
ladium complex compound. Thermogravimetric analysis 
(TGA) confirmed that the palladium content was 10.80 wt %. 
2.00 of the palladium complex compound was added to 0.50 
g of methanol. After 10 minutes of stirring, a transparent ink 
composition having a viscosity of 25.6 cps was obtained. The 
ink composition was coated under nitrogen atmosphere to 
obtain a uniform and precise film, which was calcined at the 
temperature given in Table 1. Conductivity (planar resis 
tance) and adhesivity of the film are given in Table 1. 

Example 13 

2.00 g of a silver complex compound prepared by reacting 
2-ethylhexylammonium 2-ethylhexylcarbamate with silver 
oxide (silver content=22.00 wt %) was dissolved in 10.00 mL 
of ethyl acetate in a 50 mL Schlenk flask equipped with a 
stirrer. Then, a solution in which 1.71 g (16.92 mmol) of 
2-ethylhexylammonium 1.38 g (4.08 mmol) of hydrogen 
chloroaurate was added and reaction was performed at room 
temperature for 1 hour while stirring the solution. As the 
reaction proceeded, white precipitate was formed and a yel 
low, transparent Solution was obtained as Supernatant. The 
Solvent was removed from the Supernatant in vacuum to 
obtain 3.56 g of a yellow gold complex compound. Thermo 
gravimetric analysis (TGA) confirmed that the gold content 
was 31.26 wt %. 3.30 of the gold complex compound was 
added to a solution in which 2.70 g of a silver complex 
compound prepared by reacting isopropylammonium isopro 
pylcarbonate with silver oxide (silver content=36.45 wt %) 
was dissolved in 2.50 g of methanol and 1.50 g of 2-ethyl 
hexylamine. After 10 minutes of stirring, a transparent ink 
composition having a viscosity of 97.4 cps was obtained. The 
ink composition was coated under nitrogen atmosphere to 
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obtain a uniform and precise film, which was calcined at the 
temperature given in Table 1. Conductivity (planar resis 
tance) and adhesivity of the film are given in Table 1. 

Example 14 

1.50 g of the 2-ethylhexylammonium palladium complex 
compound prepared in Example 12 was added to a solution in 
which 6.20 g of a silver complex compound prepared by 
reacting 2-ethylhexylcarbamate with silver oxide (silver con 
tent=22.00 wt %) was dissolved in 2.30 g of methanol. After 
10 minutes of stirring, a transparent ink composition having a 
viscosity of 83.2 cps was obtained. The ink composition was 
coated under nitrogen atmosphere to obtain a uniform and 
precise film, which was calcined at the temperature given in 
Table 1. Conductivity (planar resistance) and adhesivity of 
the film are given in Table 1. 

Example 15 

33.7 g (141.9 mmol) of a viscous liquid mixture of 2-eth 
ylhexylammonium 2-ethylhexyl carbamate and 2-methoxy 
ethylammonium 2-methoxyethylcarbamate (molar ratio–4: 
6) was put in a 250 mL Schlenk flask equipped with a stirrer. 
Then, 10.0 g (43.1 mmol) of silver oxide was added and 
reaction was performed at room temperature for 2 hours while 
stirring the solution. At first, a black slurry was obtained, but 
as the complex was formed, the colorfaded gradually. Finally, 
43.7 g of a yellow, transparent silver complex compound 
having a viscosity of 0.31 Pa's was obtained in liquid phase. 
Thermogravimetric analysis (TGA) confirmed that the silver 
content was 22.0 wt %. 40.9 of the silver complex compound 
was added to 12.9 g of a transparent butylcarbitol solution in 
which 41.2 g of silver flake (EA0295, Chemet) and 5.0 g of 
polyvinylbutyral (BS-18, Wacker), a binder, were dissolved. 
After 10 minutes of stirring, the Solution was passed through 
a three-roll mill (Drais Mannheim) for 5 times. As seen in 
FIG. 3, a conductive ink composition having a silver content 
of 50.2 wt % and a viscosity of 3.94 Pa's was obtained. The 
ink composition was coated on PET film using a silk-screen 
printer (see FIG. 4). The resultant uniform and precise film 
was calcined at the temperature given in Table 1. Conductiv 
ity (planar resistance) and adhesivity of the film are given in 
Table 1. 

Example 16 

An ink composition having a viscosity of 5.74 Pa's was 
prepared in the same manner as in Example 15 using 40.0 g of 
a silver complex compound prepared in the same manner as in 
Example 15 and 41.2 g of silver powder (SNG-PSN-100-99, 
SOLNANOGY, average particle size=150 nm), instead of 
41.2 g of silver flake. The ink composition was coated in the 
same manner as in Example 15 and the resultant uniform and 
precise film was calcined. Conductivity (planar resistance) 
and adhesivity of the film are given in Table 1. 

Example 17 

An ink composition having a viscosity of 148.13 Pa's was 
prepared in the same manner as in Example 15 using 40.0 g of 
a silver complex compound prepared in the same manner as in 
Example 15 and 41.2 g of copper flake (TSC-20F. Chang 
Sung), instead of 41.2 g of silver flake. The ink composition 
was coated in the same manner as in Example 15 and the 
resultant uniform and precise film was calcined. Conductivity 
(planar resistance) and adhesivity of the film are given in 
Table 1. 
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Example 18 

An ink composition having a viscosity of 14.55 Pa's was 
prepared in the same manner as in Example 15 using 40.0 g of 
a silver complex compound prepared in the same manner as in 5 
Example 15 and 41.2 g of copper powder (Aldrich, average 
particle size=3 microns), instead of 41.2 g of silver flake. The 
ink composition was coated in the same manner as in 
Example 15 and the resultant uniform and precise film was 
calcined. Conductivity (planar resistance) and adhesivity of 
the film are given in Table 1. 

10 

Example 19 

An ink composition having a viscosity of 11.74 Pa's was 15 
prepared in the same manner as in Example 15 using 40.0 g of 
a silver complex compound prepared in the same manner as in 
Example 15 and 41.2 g of nickel powder (Aldrich, average 
particle size=3 microns), instead of 41.2 g of silver flake. The 
ink composition was coated in the same manner as in 
Example 15 and the resultant uniform and precise film was 
calcined. Conductivity (planar resistance) and adhesivity of 
the film are given in Table 1. 

Example 20 25 

An ink composition having a viscosity of 10.65 Pa's was 
prepared in the same manner as in Example 15 using 40.0 g of 
a silver complex compound prepared in the same manner as in 
Example 15 and 41.2 g of 30 wt % silver-coated copper 
powder (SNG-SN100-30, SOLNANOGY, average particle 
size=100 nm), instead of 41.2 g of silver flake. The ink com 
position was coated in the same manner as in Example 15 and 
the resultant uniform and precise film was calcined. Conduc 
tivity (planar resistance) and adhesivity of the film are given 
in Table 1. 

30 

35 

Example 21 

40.0 g of a silver complex compound prepared in the same 
manner as in Example 15 and 41.2 g of silverflake were added 
to a transparent mixture solution in which 2.0 g of ethylcel 
lulose (Aldrich), a binder, was dissolved in 6.8g of methyl 
cellosolve and 5.0 g of benzylamine. After 10 minutes of 
stirring, 5.0 g of carbon powder (Vulcan-XC72, Cabot) was 
further added. After 5 minutes of stirring, the solution was 
passed through a three-roll mill for 7 times to obtain an ink 
composition having a viscosity of 3.75 Pas. The ink compo 
sition was coated in the same manner as in Example 15 and 
the resultant uniform and precise film was calcined. Conduc 
tivity (planar resistance) and adhesivity of the film are given 
in Table 1. 

40 
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Example 22 
55 

An ink composition having a viscosity of 2.64 Pa's was 
prepared in the same manner as in Example 21 using 5.0 g of 
graphite powder (CGF-t2N5, Alfaproducts) instead of 5.0 g 
of carbon powder. The ink composition was coated in the 
same manner as in Example 15 and the resultant uniform and 60 
precise film was calcined. Conductivity (planar resistance) 
and adhesivity of the film are given in Table 1. 

Example 23 
65 

An ink composition having a viscosity of 4.32 Pa's was 
prepared in the same manner as in Example 21 using 5.0 g of 

18 
nickel powder (Aldrich, average particle size 3 microns) 
instead of 5.0 g of carbon powder. The ink composition was 
coated in the same manner as in Example 15 and the resultant 
uniform and precise film was calcined. Conductivity (planar 
resistance) and adhesivity of the film are given in Table 1. 

Example 24 

An ink composition having a viscosity of 4.54 Pa's was 
prepared in the same manner as in Example 21 using 5.0 g of 
copper powder (Aldrich, average particle size 3 microns) 
instead of 5.0 g of carbon powder. The ink composition was 
coated in the same manner as in Example 15 and the resultant 
uniform and precise film was calcined. Conductivity (planar 
resistance) and adhesivity of the film are given in Table 1. 

Example 25 

40.0 g of a silver complex compound prepared in the same 
manner as in Example 15, 20.6 g of silver flake (EA0295, 
Chemet) and 20.6 g of silver powder (SNG-PSN-100-99, 
SOLNANOGY, average particle size=150 nm) were added to 
a transparent mixture solution in which 3.0 g of polyvinylbu 
tyral (BS-18, Wacker), a binder, was dissolved in 15.8 g of 
butylcellosolve. After 10 minutes of stirring, the solution was 
passed through a three-roll mill for 5 times to obtain an ink 
composition having a viscosity of 3.56 Pas. The ink compo 
sition was coated in the same manner as in Example 15 and 
the resultant uniform and precise film was calcined. Conduc 
tivity (planar resistance) and adhesivity of the film are given 
in Table 1. 

Example 26 

40.0 g of a silver complex compound prepared in the same 
manner as in Example 15, 20.6 g of copper flake (TSC-20F. 
Chang Sung) and 20.6 g of copper powder (Aldrich, average 
particle size 3 micron) were added to a transparent mixture 
solution in which 3.0 g of polyvinylbutyral (BS-18, Wacker), 
a binder, was dissolved in 15.8g of butylcellosolve. After 10 
minutes of stirring, the solution was passed through a three 
roll mill for 5 times to obtain an ink composition having a 
viscosity of 227.87 Pas. The ink composition was coated in 
the same manner as in Example 15 and the resultant uniform 
and precise film was calcined. Conductivity (planar resis 
tance) and adhesivity of the film are given in Table 1. 

Example 27 

40.0 g of a silver complex compound prepared in the same 
manner as in Example 15, 20.6 g of silver flake (EA0295, 
Chemet) and 20.6 g of copper flake (TSC-20F. Chang Sung) 
were added to a transparent mixture solution in which 3.0 g of 
polyvinylbutyral (BS-18, Wacker), a binder, was dissolved in 
15.8 g of butylcellosolve. After 10 minutes of stirring, the 
solution was passed through a three-roll mill for 5 times to 
obtain an ink composition having a viscosity of 4.15 Pas. The 
ink composition was coated in the same manner as in 
Example 15 and the resultant uniform and precise film was 
calcined. Conductivity (planar resistance) and adhesivity of 
the film are given in Table 1. 

Example 28 

40.0 g of a silver complex compound prepared in the same 
manner as in Example 15 and 41.2 g of silver flake (EA0295, 
Chemet) were added to a solution in which 1.2 g of dipen 
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taerythritol hexaacrylate, a monomer, 3.5 g EB657 (UCB, 
Mw = 1500), an oligomer, 0.1 g of 819 (Ciba Specialty Chemi 
cals) and 0.2 g of 1173 (Ciba Specialty Chemicals), photo 
initiators, and 0.5g of Solsperse20000 (Avecia), a dispersing 
agent, were dissolved in 13.8 g of ethylcellosolve. After 10 
minutes of stirring, the Solution was passed through a three 
roll mill for 5 times to obtain an ink composition having a 
viscosity of 10.67 Pas. The ink composition was coated on a 
glass plate and a film was obtained by UV curing at 600 
mJ/cm. The resultant film was calcined at the temperature 
given in Table 1. Conductivity (planar resistance) and adhe 
sivity of the film are given in Table 1. 

Example 29 

40.0 g of a silver complex compound prepared in the same 
manner as in Example 15 and 41.2 g of silver flake (EA0295, 
Chemet) were added to a solution in which 4.5 g of unsatur 
ated polyester (Polycoat, Aekyung Chemical), 0.5g of ben 
Zoyl peroxide and 0.5g of EFKA4510 (EFKA), a dispersing 
agent, were dissolved in 3.0 g of 2-pyrrolidone and 10.3 g of 
ethylcellosolve. After 10 minutes of stirring, the solution was 
passed through a three-roll mill for 5 times to obtain an ink 
composition having a viscosity of 3.17 Pas. The ink compo 
sition was coated on a glass plate and a film was obtained by 
UV curing at 600 m.J/cm. The resultant film was calcined at 
the temperature given in Table 1. Conductivity (planar resis 
tance) and adhesivity of the film are given in Table 1. 

Example 30 

40.0 g of a silver complex compound prepared in the same 
manner as in Example 15 and 41.2 g of silver flake (EA0295, 
Chemet) were added to a solution in which 2.0 g of resol 
(TD-2207, Kangnam Chemical) was dissolved in 16.8g of 
ethylcellosolve. After 10 minutes of stirring, the solution was 
passed through a three-roll mill for 5 times to obtain an ink 
composition having a viscosity of 3.05 Pas. The ink compo 
sition was coated on a glass plate and the resultant film was 
calcined at the temperature given in Table 1. Conductivity 
(planar resistance) and adhesivity of the film are given in 
Table 1. 

Example 31 

40.0 g of silver flake (EA0295, Chemet) was added to a 
transparent solution in which 1.0 g of polyvinylbutyral (BS 
18, Wacker) was dissolved in 9.0 g of butylcarbitol. A paste 
was prepared by stirring the solution for 10 minutes. 50.0 g of 
a silver complex compound in liquid phase prepared in the 
same manner as in Example 15 was added. After 10 minutes 
of stirring, the solution was passed through a three-roll mill 
for 5 times to obtain an ink composition having a viscosity of 
3.88 Pas. The ink composition was coated on PET film and 
the resultant film was calcined at the temperature given in 
Table 1. Conductivity (planar resistance) and adhesivity of 
the film are given in Table 1. 

Example 32 

40.0 g of a silver complex compound prepared in the same 
manner as in Example 15 and 41.2 g of silverflake were added 
to a transparent solution in which 5.0 g of polyvinylbutyral 
(BS-18, Wacker), a binder, and 1.0 g of EFKA4330 (EFKA), 
a dispersing agent, were dissolved in 12.8g of methoxypropyl 
acetate. After 10 minutes of stirring, the solution was passed 
through a three-roll mill for 5 times to obtain an ink compo 
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sition having a viscosity of 1.18 Pas. The ink composition 
was coated on PET film and the resultant film was calcined at 
the temperature given in Table 1. Conductivity (planar resis 
tance) and adhesivity of the film are given in Table 1. 

Example 33 

40.0 g of a silver complex compound prepared in the same 
manner as in Example 15 and 41.2 g of silver flake (EA0295, 
Chemet) were added to a solution in which 5.0 g of polyvi 
nylbutyral (BS-18, Wacker), a binder, was dissolved in 13.8 g. 
of tetrahydrofuran. After 10 minutes of stirring, the solution 
was passed through a three-roll mill for 5 times to obtain an 
ink composition having a viscosity of 1.45 Pas. The ink 
composition was coated on PET film and the resultant film 
was calcined at the temperature given in Table 1. Conductiv 
ity (planar resistance) and adhesivity of the film are given in 
Table 1. 

Example 34 

40.0 g of a silver complex compound prepared in the same 
manner as in Example 15 and 41.2 g of silver flake (EA0295, 
Chemet) were added to a transparent solution in which 5.0 g 
of acryl (HPD671, Johnson Polymer), a binder, was dissolved 
in 13.8 g of butylcarbitol. After 10 minutes of stirring, the 
solution was passed through a three-roll mill for 5 times to 
obtain an ink composition having a viscosity of 0.75 Pas. The 
ink composition was coated on PET film and the resultant film 
was calcined at the temperature given in Table 1. Conductiv 
ity (planar resistance) and adhesivity of the film are given in 
Table 1. 

Example 35 

40.0 g of a silver complex compound prepared in the same 
manner as in Example 15 and 51.2 g of silver flake (EA0295, 
Chemet) were added to a solution in which 3.0 g of polyvi 
nylbutyral (BS-18, Wacker), a binder, was dissolved in 5.8 g. 
ofbutylcarbitol. After 10 minutes of stirring, the solution was 
passed through a three-roll mill for times to obtain an ink 
composition having a viscosity of 4.35 Pas. The ink compo 
sition was coated on PET film and the resultant film was 
calcined at the temperature given in Table 1. Conductivity 
(planar resistance) and adhesivity of the film are given in 
Table 1. 

Example 36 

35.0 g of a silver complex compound prepared in the same 
manner as in Example 15 and 58.3 g of silver flake (EA0295, 
Chemet) were added to a solution in which 3.0 g of polyvi 
nylbutyral (BS-18, Wacker), a binder, was dissolved in 3.7g 
ofbutylcarbitol. After 10 minutes of stirring, the solution was 
passed through a three-roll mill for 5 times to obtain an ink 
composition having a viscosity of 6.24 Pas. The ink compo 
sition was coated on PET film and the resultant film was 
calcined at the temperature given in Table 1. Conductivity 
(planar resistance) and adhesivity of the film are given in 
Table 1. 

Example 37 

31.00 g (163.4 mmol) of a mixture ofisopropylammonium 
isopropylcarbamate and 2-methoxyethylammonium 2-meth 
oxyethylcarbamate (molar ratio=7:3) was dissolved in a mix 
ture solution of 40.0 g of methanol and 20.5 g (158.6 mmol) 
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of 2-ethylhexylamine in a 250 mL Schlenk flask equipped 
with a stirrer. Then, 10.0 g (43.1 mmol) of silver oxide was 
added and reaction was performed at room temperature for 4 
hours while stirring the solution. At first, a black slurry was 
obtained, but as the complex was formed, the color faded 
gradually. Finally, a colorless, transparent Solution was 
obtained. Methanol and unreacted materials were removed 
from the reaction Solution to obtain 61.4 g of a colorless, 
transparent silver complex solution. Thermogravimetric 
analysis (TGA) confirmed that the silver content was 15.1 wt 
%. 

5.0 g of polyvinylbutyral (BS-18, Wacker), a binder, was 
dissolved in 55.0 g of the silver complex compound. Then, 
40.0 g of silver flake (EA0295, Chemet) was added to obtain 
an ink composition having a viscosity of 1.12 Pars. The ink 
composition was coated on PET film and the resultant film 
was calcined at the temperature given in Table 1. Conductiv 
ity (planar resistance) and adhesivity of the film are given in 
Table 1. 

Example 38 

39.1 g (365.5 mmol) of ethylammonium ethylaminebicar 
bonate was dissolved in a mixture solution of 10.0 g of metha 
nol and 10.0 g of methylcellosolve in a 250 mL Schlenk flask 
equipped with a stirrer. Then, 10.0 g (43.1 mmol) of silver 
oxide was added and reaction was performed at room tem 
perature for 2 hours while stirring the solution. At first, a black 
slurry was obtained, but as the complex was formed, the color 
faded gradually. Finally, a colorless, transparent Solution was 
obtained. Methanol and unreacted materials were removed 
from the reaction solution to obtain 55.1 g of a colorless, 
transparent silver complex solution. Thermogravimetric 
analysis (TGA) confirmed that the silver content was 16.9 wt 
%. 

5.0 g of polyvinylbutyral (BS-18, Wacker), a binder, was 
dissolved in 50.0 g of the silver complex compound. Then, 
40.0 g of silver flake (EAO295, Chemet) was added. After 10 
minutes of stirring, the Solution was passed through a three 
roll mill for 5 times to obtain an ink composition having a 
viscosity of 0.32 Pas. The ink composition was coated on 
PET film and the resultant film was calcined at the tempera 
ture given in Table 1. Conductivity (planar resistance) and 
adhesivity of the film are given in Table 1. 

Example 39 

50.0 g (258.0 mmol) of 2-methoxyethylammonium 
2-methoxyethylcarbamate was dissolved in 80.0 of methanol 
in a 250 mL Schlenk flask equipped with a stirrer. Then, 20.0 
g (86.2 mmol) of silver oxide was added and reaction was 
performed at room temperature for 2 hours while stirring the 
solution. At first, a black slurry was obtained, but as the 
complex was formed, the color faded gradually. Finally, a 
colorless, transparent Solution was obtained. Methanol and 
unreacted materials were removed from the reaction solution 
to obtain 59.2 g of a yellow, transparent silver complex com 
pound. Thermogravimetric analysis (TGA) confirmed that 
the silver content was 31.4 wt %. 

40.0 g of the silver complex compound and 40.0 g of silver 
flake (EA0295, Chemet) were added to a transparent solution 
in which 5.0 g of polyvinylbutyral (BS-18, Wacker), a binder, 
was dissolved in 10.0 g of methylcellosolve and 5.0 g of 
2-ethylhexylamine. After 10 minutes of stirring, the solution 
was passed through a three-roll mill for 5 times to obtain an 
ink composition having a viscosity of 1.14 Pas. The ink 
composition was coated on PET film and the resultant film 
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was calcined at the temperature given in Table 1. Conductiv 
ity (planar resistance) and adhesivity of the film are given in 
Table 1. 

Example 40 

57.8 g (240.8 mmol) of 3-methoxypropylammonium 
3-methoxypropyl carbonate was dissolved in 80.0 of metha 
nol in a 250 mL Schlenk flask equipped with a stirrer. Then, 
20.0 g (86.2 mmol) of silver oxide was added and reaction 
was performed at room temperature for 2 hours while stirring 
the solution. At first, a black slurry was obtained, but as the 
complex was formed, the color faded gradually. Finally, a 
colorless, transparent Solution was obtained. Methanol and 
unreacted materials were removed from the reaction solution 
to obtain 67.8g of a yellow, transparent silver complex com 
pound in liquid phase. Thermogravimetric analysis (TGA) 
confirmed that the silver content was 27.4 wt %. 

40.0 g of the silver complex compound and 40.0 g of silver 
flake (EA0295, Chemet) were added to a transparent solution 
in which 5.0 g of polyvinylbutyral (BS-18, Wacker), a binder, 
was dissolved in 10.0 g of methylcellosolve and 5.0 g of 
2-ethylhexylamine. After 10 minutes of stirring, the solution 
was passed through a three-roll mill for 5 times to obtain an 
ink composition having a viscosity of 1.79 Pas. The ink 
composition was coated on PET film and the resultant film 
was calcined at the temperature given in Table 1 at the tem 
perature given in Table 1. Conductivity (planar resistance) 
and adhesivity of the film are given in Table 1. 

Example 41 

65.6 g (258.0 mmol) of dimethoxyethylammonium 
dimethoxyethyl carbamate was dissolved in 80.0 of methanol 
in a 250 mL Schlenk flask equipped with a stirrer. Then, 20.0 
g (86.2 mmol) of silver oxide was added and reaction was 
performed at room temperature for 2 hours while stirring the 
solution. At first, a black slurry was obtained, but as the 
complex was formed, the color faded gradually. Finally, a 
colorless, transparent Solution was obtained. Methanol and 
unreacted materials were removed from the reaction solution 
to obtain 80.4 g of a yellow, transparent silver complex com 
pound in liquid phase. Thermogravimetric analysis (TGA) 
confirmed that the silver content was 23.1 wt %. 

40.0 g of the silver complex compound and 40.0 g of silver 
flake (EA0295, Chemet) were added to a transparent solution 
in which 5.0 g of polyvinylbutyral (BS-18, Wacker), a binder, 
was dissolved in 10.0 g of butylcarbitol and 5.0 g of 2-ethyl 
hexylamine. After 10 minutes of stirring, the solution was 
passed through a three-roll mill for 5 times to obtain an ink 
composition having a viscosity of 3.02 Pas. The ink compo 
sition was coated on PET film and the resultant film was 
calcined at the temperature given in Table 1 at the temperature 
given in Table 1. Conductivity (planar resistance) and adhe 
sivity of the film are given in Table 1. 

Example 42 

34.8 g (215.0 mmol) ofisopropylammonium isopropylcar 
bamate was dissolved in 40.0 g of methanol and 40.0 g of 
methylcellosolve in a 250 mL Schlenk flask equipped with a 
stirrer. Then, 20.0 g (86.2 mmol) of silver oxide was added 
and reaction was performed at room temperature for 2 hours 
while stirring the solution. At first, a black slurry was 
obtained, but as the complex was formed, the color faded 
gradually. Finally, a colorless, transparent Solution was 
obtained. Methanol and unreacted materials were removed 
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from the reaction solution to obtain 92.0 g of a colorless, 
transparent silver complex solution. Thermogravimetric 
analysis (TGA) confirmed that the silver content was 20.2 wt 
%. 

5.0 g of polyvinylbutyral (BS-18, Wacker), a binder, was 
dissolved in 50.0 of the silver complex solution. Then, 2-eth 
ylhexylamine and 40.0 g of silver flake (EA0295, Chemet) 
were added. After 10 minutes of stirring, the solution was 
passed through a three-roll mill for 5 times to obtain an ink 
composition having a viscosity of 0.89 Pas. The ink compo 
sition was coated on PET film and the resultant film was 
calcined at the temperature given in Table 1 at the temperature 
given in Table 1. Conductivity (planar resistance) and adhe 
sivity of the film are given in Table 1. 

Example 43 

40.0 g of a silver complex solution prepared in the same 
manner as in Example 38 and 40.0 g of silver flake (EA0295, 
Chemet) were added to a solution in which 5.0 g of acryl 
(HPD62, Johnson Polymer), a binder, and 0.5 g of coco 
betaine, a surfactant, were dissolved in 14.5g of water. After 
10 minutes of stirring, the solution was passed through a 
three-roll mill for 5 times to obtain an ink composition having 
a viscosity of 0.18 Pas. The ink composition was coated on 
PET film and the resultant film was calcined at the tempera 
ture given in Table 1 at the temperature given in Table 1. 
Conductivity (planar resistance) and adhesivity of the film are 
given in Table 1. 

Example 44 

40.0 g of a silver complex solution prepared in the same 
manner as in Example 15, 41.2 g of silver flake (EA0295, 
Chemet) and 1.0 g of tetrabutoxytitanium, a metal precursor, 
were added to a transparent solution in which 5.0 g of poly 
vinylbutyral (BS-18, Wacker), a binder, was dissolved in 12.8 
g of butylcarbitol. After 10 minutes of stirring, the solution 
was passed through a three-roll mill for 5 times to obtain an 
ink composition having a viscosity of 4.74 Pas. The ink 
composition was coated on PET film and the resultant film 
was calcined at the temperature given in Table 1 at the tem 
perature given in Table 1. Conductivity (planar resistance) 
and adhesivity of the film are given in Table 1 

Example 45 

40.0 g of a silver complex solution prepared in the same 
manner as in Example 15, 41.2 g of silver flake (EA0295, 
Chemet) and 1.0 g of bismuthacetate, a metal precursor, were 
added to a transparent solution in which 5.0 g of polyvinyl 
butyral (BS-18, Wacker), a binder, was dissolved in 12.8g of 
butylcarbitol. After 10 minutes of stirring, the solution was 
passed through a three-roll mill for 5 times to obtain an ink 
composition having a viscosity of 2.26 Pas. The ink compo 
sition was coated on PET film and the resultant film was 
calcined at the temperature given in Table 1 at the temperature 
given in Table 1. Conductivity (planar resistance) and adhe 
sivity of the film are given in Table 1. 

Example 46 

50.0 g of a silver complex solution prepared in the same 
manner as in Example 39, 30.0 of silver flake (EAO295, 
Chemet) and 1.0 g of vanadium oxide were added to 14.0 g of 
butylcarbitol in which 5.0 g of polyvinylbutyral (BS-18, 
Wacker), a binder, was dissolved. After 10 minutes of stirring, 
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the solution was passed through a three-roll mill for 5 times to 
obtain an ink composition having a viscosity of 1.10 Pars. The 
ink composition was coated on PET film and the resultant film 
was calcined at the temperature given in Table 1 at the tem 
perature given in Table 1. Conductivity (planar resistance) 
and adhesivity of the film are given in Table 1. 

Example 47 

20.0 g of a silver complex solution prepared in the same 
manner as in Example 15, 10.5g of silver 2-ethylhexanoate 
used in Comparative Example 2 and 41.2 g of silver flake 
(EA0295, Chemet) were added to a transparent solution in 
which 5.0 g of polyvinylbutyral (BS-18, Wacker), a binder, 
was dissolved in 23.3 g of butylcarbitol. After 10 minutes of 
stirring, the solution was passed through a three-roll mill for 
5 times to obtain an ink composition having a viscosity of 
3.98 Pas. The ink composition was coated on PET film and 
the resultant film was calcined at the temperature given in 
Table 1 at the temperature given in Table 1. Conductivity 
(planar resistance) and adhesivity of the film are given in 
Table 1. 

Example 48 

60.0 g of a silver complex solution prepared in the same 
manner as in Example 15 and 31.5 g of silver 2-ethylhex 
anoate used in Comparative Example 2 were added to a mix 
ture solution of 4.0 g of 2-ethylhexylamine and 4.5 g of 
butylcarbitol. After 10 minutes of stirring, an ink composition 
having a viscosity of 0.06 Pa's was obtained. The ink com 
position was coated on PET film and the resultant film was 
calcined at the temperature given in Table 1 at the temperature 
given in Table 1. Conductivity (planar resistance) and adhe 
sivity of the film are given in Table 1. 

Example 49 

70.0 g of silver flake (EAO295, Chemet) was added to 30.0 
g of a silver complex compound in liquid phase prepared in 
the same manner as in Example 39. After 10 minutes of 
stirring, the solution was passed through a three-roll mill for 
5 times to obtain an ink composition having a viscosity of 
1.06 Pas. The ink composition screen-printed on PET film 
and heat treatment was performed at 100° C. for 5 minutes, 
and then, at 130° C. for 10 minutes. Conductivity (planar 
resistance) and adhesivity of the film are given in Table 1. 

Example 50 

84.9 g (0.5 mol) of silver nitrate was dissolved in 100 mL 
of an aqueous solution in a 500 mL flask equipped with a 
stirrer. Then, a solution in which 20.0 g of Solsperse28000 
(AVecia) was dissolved in ethyl acetate was added as protec 
tive colloid. After 10 minutes of stirring, 149.8g of dimeth 
ylethanolamine was added to the solution. After 5 hours of 
reaction while stirring, the colorless, transparent aqueous 
phase was separated from the dark brown organic phase. A 
dark brown silver colloid solution was obtained by extracting 
the organic phase. Ethylacetate was removed from this solu 
tion to obtain 32.5g of brown silver nanoparticle having an 
average particle size of 10 nm. 30.0 g of the nanoparticle was 
redispersed in 20.0 g of ethyl acetate and 50.0 g of a silver 
complex compound prepared in the same manner as in 
Example 25 was added. After 10 minutes of stirring, an ink 
composition having a viscosity of 0.03 Pa's was obtained. The 
ink composition was coated on polyimide film and the result 
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ant uniform and precise film was calcined at the temperature 
given in Table 1. Conductivity (planar resistance) and adhe 
sivity of the film are given in Table 1. 

Example 51 

32.5 g (107.5 mmol) of 2-ethylhexylammonium 2-ethyl 
hexylcarbamate, a viscous liquid, was dissolved in 100 mL of 
methanol in a 250 mL Schlenk flask equipped with a stirrer. 
Then, 10.0 g (43.1 mmol) of silver oxide was added and 
reaction was performed at room temperature. As the reaction 
proceeded, the reaction mixture turned into a black slurry and 
finally into a colorless, transparent Solution. The Solvent was 
removed from the reaction solution in vacuum to obtain 42.0 
g of a white silver complex compound. 5.3 g of 2-ethylhexy 
lamine, a stabilizer, and 8.47 g of methanol, a solvent, were 
added to 20.0 g of the silver complex compound to obtain an 
ink composition having a viscosity of 5.7 cps. The ink com 
position was coated and the resultant uniform and precise film 
was calcined at the temperature given in Table 1. Conductiv 
ity (planar resistance) and adhesivity of the film are given in 
Table 1. 

Example 52 

8.2 g (86 mmol) of ammonium carbonate dissolved in 100 
mL of methanol and 15.0 g (250 mmol) of isopropylamine 
were mixed in a 250 mL Schlenk flask equipped with a stirrer. 
Then, 10.0 g (43.1 mmol) of silver oxide was added and 
reaction was performed at room temperature. As the reaction 
proceeded, the reaction mixture turned into a black slurry and 
finally into a colorless, transparent solution. The solvent was 
removed from the reaction solution in vacuum to obtain 28.4 
g of a white silver complex compound. 5.3 g of 2-ethylhexy 
lamine, a stabilizer, and 8.47 g of methanol, a solvent, were 
added to 20.0 g of the silver complex compound to obtain an 
ink composition having a viscosity of 3.8 cps. The ink com 
position was coated and the resultant uniform and precise film 
was calcined at the temperature given in Table 1. Conductiv 
ity (planar resistance) and adhesivity of the film are given in 
Table 1. 

Example 53 

A transparent silver ink composition having a viscosity of 
5.6 cps was prepared in the same manner as in Example 51 
using 37.2 g of 2-ethylhexylammonium 2-ethylhexylcarbon 
ate instead of 2-ethylhexylammonium 2-ethylhexylcarbam 
ate. The ink composition was coated and the resultant uni 
form and precise film was calcined at the temperature given in 
Table 1. Conductivity (planar resistance) and adhesivity of 
the film are given in Table 1. 

Example 54 

A transparent silver ink composition having a viscosity of 
5.3 cps was prepared in the same manner as in Example 51 
using 48.6 g of 2-ethylhexylammonium 2-ethylhexylcarbon 
ate instead of 2-ethylhexylammonium 2-ethylhexylcarbam 
ate. The ink composition was coated and the resultant uni 
form and precise film was calcined at the temperature given in 
Table 1. Conductivity (planar resistance) and adhesivity of 
the film are given in Table 1. 

Example 55 

A transparent silver ink composition having a viscosity of 
8.5 cps was prepared in the same manner as in Example 51 
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using 32.0 g of n-butylammonium n-butylcarbonate instead 
of 2-ethylhexylammonium 2-ethylhexylcarbamate and using 
12.0 g of silver carbonate instead of silver oxide. The ink 
composition was coated and the resultant uniform and precise 
film was calcined at the temperature given in Table 1. Con 
ductivity (planar resistance) and adhesivity of the film are 
given in Table 1. 

Example 56 

A transparent silver ink composition having a viscosity of 
4.3 cps was prepared in the same manner as in Example 51 
using 28.2 g of cyclohexylammonium cyclohexylcarbamate 
instead of 2-ethylhexylammonium 2-ethylhexylcarbamate. 
The ink composition was coated and the resultant uniform 
and precise film was calcined at the temperature given in 
Table 1. Conductivity (planar resistance) and adhesivity of 
the film are given in Table 1. 

Example 57 

A transparent silver ink composition having a viscosity of 
5.3 cps was prepared in the same manner as in Example 51 
using 31.2g of benzylammonium benzylcarbamate instead of 
2-ethylhexylammonium 2-ethylhexylcarbamate. The ink 
composition was coated and the resultant uniform and precise 
film was calcined at the temperature given in Table 1. Con 
ductivity (planar resistance) and adhesivity of the film are 
given in Table 1. 

Example 58 

A transparent silver ink composition having a viscosity of 
2.8 cps was prepared in the same manner as in Example 51 
using 30.8g of 2-methoxyethylammonium 2-methoxyethyl 
bicarbonate instead of 2-ethylhexylammonium 2-ethylhexy 
lcarbamate. The ink composition was coated and the resultant 
uniform and precise film was calcined at the temperature 
given in Table 1. Conductivity (planar resistance) and adhe 
sivity of the film are given in Table 1. 

Example 59 

A transparent silver ink composition having a viscosity of 
2.8 cps was prepared in the same manner as in Example 51 
using 18.8 g of isopropylammonium isopropylbicarbonate 
and 25.0 g of octylammonium octylbicarbonate instead of 
2-ethylhexylammonium 2-ethylhexylcarbamate. The ink 
composition was coated and the resultant uniform and precise 
film was calcined at the temperature given in Table 1. Con 
ductivity (planar resistance) and adhesivity of the film are 
given in Table 1. 

Example 60 

A transparent silver ink composition having a viscosity of 
22.6 cps was prepared in the same manner as in Example 51 
using 19.7g of 2-ethylhexylammonium 2-ethylhexylcarbam 
ate and 12.7 g of 2-methoxyethylammonium 2-methoxyeth 
ylcarbamate instead of 2-ethylhexylammonium 2-ethylhexy 
lcarbamate. The ink composition was coated and the resultant 
uniform and precise film was calcined at the temperature 
given in Table 1. Conductivity (planar resistance) and adhe 
sivity of the film are given in Table 1. 

Example 61 

To 20.0 g of a silver complex compound prepared in the 
same manner as in Example 55 were added 1.2 g of ammo 



US 7,691.294 B2 
27 

nium carbonate, a stabilizer, 0.05 g of EFKA 3650 (EFKA) 
and 25.0 g of methoxypropyl acetate, a solvent, to prepare a 
transparent silver ink composition having a viscosity of 3.6 
cps. The ink composition was coated and the resultant uni 
form and precise film was calcined at the temperature given in 
Table 1. Conductivity (planar resistance) and adhesivity of 
the film are given in Table 1. 

Example 62 

To 20.0 g of a silver complex compound prepared in the 
same manner as in Example 55 were added 1.2 g of 2.2- 
ethylenedioxybisethylam, a stabilizer, 0.05g of EFKA 3650 
(EFKA) and 25.0 g of methoxypropyl acetate, a solvent, to 
prepare a transparent silver ink composition having a viscos 
ity of 3.2 cps. The ink composition was coated and the result 
ant uniform and precise film was calcined at the temperature 
given in Table 1. Conductivity (planar resistance) and adhe 
sivity of the film are given in Table 1. 

Example 63 

To 12.0 of a silver complex compound prepared in the same 
manner as in Example 58 were added 0.2 g of tripropylamine, 
a stabilizer, 0.03 g of BYK 373 (BYK) and 20.0 g of 1-meth 
oxypropanol, a solvent, to prepare a transparent silver ink 
composition having a viscosity of 3.3 cps. The ink composi 
tion was coated and the resultant uniform and precise film was 
calcined at the temperature given in Table 1. Conductivity 
(planar resistance) and adhesivity of the film are given in 
Table 1. 

Example 64 

To 12.0 of a silver complex compound prepared in the same 
manner as in Example 58 were added 0.2 g of diisopropy 
lamine, a stabilizer, 0.03 g of BYK373 (BYK) and 20.0 g of 
1-methoxypropanol, a solvent, to prepare a transparent silver 
ink composition having a viscosity of 4.2 cps. The ink com 
position was coated and the resultant uniform and precise film 
was calcined at the temperature given in Table 1. Conductiv 
ity (planar resistance) and adhesivity of the film are given in 
Table 1. 

Example 65 

To 12.0 of a silver complex compound prepared in the same 
manner as in Example 53 were added 0.2 g of 3-methoxypro 
pylamine, a stabilizer, 0.03 g of TEGO Wet 505 (Degussa) 
and 20.0 g of ethanol, a solvent, to prepare a transparent silver 
ink composition having a viscosity of 4.2 cps. The ink com 
position was coated and the resultant uniform and precise film 
was calcined at the temperature given in Table 1. Conductiv 
ity (planar resistance) and adhesivity of the film are given in 
Table 1. 

Example 66 

To 12.0 of a silver complex compound prepared in the same 
manner as in Example 53 were added 3.4 g of 2-ethylhexy 
lamine, a stabilizer, 0.03 g of TEGO Wet 505 (Degussa) and 
20.0 g of ethanol, a solvent, to prepare a transparent silverink 
composition having a viscosity of 4.4 cps. The ink composi 
tion was coated and the resultant uniform and precise film was 
calcined at the temperature given in Table 1. Conductivity 
(planar resistance) and adhesivity of the film are given in 
Table 1. 
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Example 67 

To 12.0 of a silver complex compound prepared in the same 
manner as in Example 53 were added 3.4 g of 2-ethylhexy 
lamine, a stabilizer, 0.03 g of TEGO Wet 505 (Degussa) and 
20.0 g of 1-propanol, a solvent, to prepare a transparent silver 
ink composition having a viscosity of 4.6 cps. The ink com 
position was coated and the resultant uniform and precise film 
was calcined at the temperature given in Table 1. Conductiv 
ity (planar resistance) and adhesivity of the film are given in 
Table 1. 

Example 68 

To 12.0 of a silver complex compound prepared in the same 
manner as in Example 53 were added 3.4 g of 2-ethylhexy 
lamine, a stabilizer, 0.02 g of Rilanit HT-Extra (Cognis) and 
12.7 g of methylcellosolve, a solvent, to prepare a transparent 
silver ink composition having a viscosity of 4.1 cps. The ink 
composition was coated and the resultant uniform and precise 
film was calcined at the temperature given in Table 1. Con 
ductivity (planar resistance) and adhesivity of the film are 
given in Table 1. 

Example 69 

To 20.0 of a silver complex compound prepared in the same 
manner as in Example 53 were added 3.4 g of 2-ethylhexy 
lamine, a stabilizer, 0.03g of EFKA3835 (EFKA) and 12.7g 
of ethyl acetate, a solvent, to prepare a transparent silver ink 
composition having a viscosity of 6.5 cps. The ink composi 
tion was coated and the resultant uniform and precise film was 
calcined at the temperature given in Table 1. Conductivity 
(planar resistance) and adhesivity of the film are given in 
Table 1. 

Example 70 

To 20.0 of a silver complex compound prepared in the same 
manner as in Example 53 were added 3.4 g of 2-ethylhexy 
lamine, a stabilizer, 0.05 g of EFKA3777 (EFKA) and 12.7g 
of toluene, a solvent, to prepare a transparent silver ink com 
position having a viscosity of 6.3 cps. The ink composition 
was coated and the resultant uniform and precise film was 
calcined at the temperature given in Table 1. Conductivity 
(planar resistance) and adhesivity of the film are given in 
Table 1. 

Example 71 

To 20.0 of a silver complex compound prepared in the same 
manner as in Example 53 were added 3.4 g of 2-ethylhexy 
lamine, a stabilizer, 0.03 g of Glide 410 (Degussa) and 12.7g 
ofa 2:1 (weight ratio) mixture of 1-propanol and ethylcarbitol 
acetate, a solvent, to prepare a transparent silver ink compo 
sition having a viscosity of 6.2 cps. The ink composition was 
coated and the resultant uniform and precise film was cal 
cined at the temperature given in Table 1. Conductivity (pla 
nar resistance) and adhesivity of the film are given in Table 1. 

Example 72 

To 20.0 of a silver complex compound prepared in the same 
manner as in Example 53 were added 3.4 g of 2-ethylhexy 
lamine, a stabilizer, 0.03 g of DSX 1514 (Cognis) and 12.7g 
of a 3:1:1 (weight ratio) mixture of N,N-dimethylformamide, 
N,N-dimethylsulfoxide and methanol, a solvent, to prepare a 



US 7,691.294 B2 
29 

transparent silver ink composition having a viscosity of 7.8 
cps. The ink composition was coated and the resultant uni 
form and precise film was calcined at the temperature given in 
Table 1. Conductivity (planar resistance) and adhesivity of 
the film are given in Table 1. 

Example 73 

To 20.0 of a silver complex compound prepared in the same 
manner as in Example 53 were added 3.4 g of 2-ethylhexy 
lamine, a stabilizer, 0.1 g of EFKA 410 (EFKA) and 12.7 g of 
a 4:1 (weight ratio) mixture of 1-methyl-2-pyrrolidone and 
2-butanol, a solvent, to prepare a transparent silver ink com 
position having a viscosity of 6.7 cps. The ink composition 
was coated and the resultant uniform and precise film was 
calcined at the temperature given in Table 1. Conductivity 
(planar resistance) and adhesivity of the film are given in 
Table 1. 

Example 74 

To 20.0 of a silver complex compound prepared in the same 
manner as in Example 53 were added 3.4 g of 2-ethylhexy 
lamine, a stabilizer, 0.05 g of Surfynol 465 (Air Product) and 
12.7 g of a 2:1:1 (weight ratio) mixture of water, polyethylene 
glycol (PEG) 200 and methanol, a solvent, to prepare a trans 
parent silver ink composition having a viscosity of 8.9 cps. 
The ink composition was coated and the resultant uniform 
and precise film was calcined at the temperature given in 
Table 1. Conductivity (planar resistance) and adhesivity of 
the film are given in Table 1. 

Example 75 

26 g (0.20 mol) of 2-ethylhexylamine and 15 g (0.20 mol) 
of n-butylamine were dissolved in 10 g of methanol in a 250 
mL Schlenk flask equipped with a stirrer. After stirring, 9.3 g 
(0.04 mol) of silver oxide was added and reaction was per 
formed at room temperature while slowly bubbling carbon 
dioxide gas. As the reaction proceeded, the reaction mixture 
turned into a black slurry and finally into a colorless, trans 
parent solution. The solvent was filtered with a 0.45-micron 
filter to obtain a clear, transparent silver complex compound 
in liquid phase. 3.5g of 2-ethylhexylamine and 0.05 g of 
EFKA 3650 (EFKA) were added to 20.0 g of the silver 
complex compound to obtain a transparent silver ink compo 
sition having a viscosity of 15.4 cps. The ink composition was 
coated and the resultant uniform and precise film was cal 
cined at the temperature given in Table 1. Conductivity (pla 
nar resistance) and adhesivity of the film are given in Table 1. 

Example 76 

26 g (0.20 mol) of 2-ethylhexylamine, 15 g (0.20 mol) of 
n-butylamine and 0.24 g of dodecylamine were added to a 250 
mL pressurized container equipped with a stirrer. Then, 0.03 
g of Rilanit HT-Extra (Cognis) and 10.0 g of methanol were 
added and the mixture solution was dissolved, by stirring.9.3 
g (0.04 mol) of silver oxide was added and reaction was 
performed while slowly injecting carbon dioxide gas to 
obtain a transparent silver ink composition having a viscosity 
of 135.0 cps. The ink composition was coated and the result 
ant uniform and precise film was calcined at the temperature 
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given in Table 1. Conductivity (planar resistance) and adhe 
sivity of the film are given in Table 1. 

Example 77 

A transparent silver ink composition having a viscosity of 
2,300 cps was prepared by adding 4.8g of ethylcellulose to 
20.0 g of a silver complex compound prepared in the same 
manner as in Example 60. The ink composition was coated 
and the resultant uniform and precise film was calcined at the 
temperature given in Table 1. Conductivity (planar resis 
tance) and adhesivity of the film are given in Table 1. 

Example 78 

A transparent silver ink composition having a viscosity of 
19.2 cps was prepared by adding 2.0 g of 2-ethylhexylammo 
nium 2-ethylhexylcarbamate to 20.0 g of a silver complex 
compound prepared in the same manner as in Example 60. 
The ink composition was coated and the resultant uniform 
and precise film was calcined at the temperature given in 
Table 1. Conductivity (planar resistance) and adhesivity of 
the film are given in Table 1. 

Example 79 

A transparent silver ink composition having a viscosity of 
8,000 cps was prepared by adding 3.4 g of 2-ethylhexy 
lamine, a stabilizer, 0.8 g of polyvinylbutyral (BL-18, 
Wacker) and 4.0 g of butylcellosolve to 20.0 g of a silver 
complex compound prepared in the same manner as in 
Example 60. The ink composition was coated and the result 
ant uniform and precise film was calcined at the temperature 
given in Table 1. Conductivity (planar resistance) and adhe 
sivity of the film are given in Table 1. 

Example 80 

A transparent silver ink composition having a viscosity of 
3.5 cps was prepared in the same manner as in Example 51 
using 20.1 g of isopropylammonium isopropylcarbonate, 
instead of 2-ethylhexylammonium 2-ethylhexylcarbamate, 
3.4 g of 2-ethylhexylamine, as stabilizer, and 12.7 g of water 
and 0.03 g of cocobetaine, instead of methanol, as solvent. 
The ink composition was coated and the resultant uniform 
and precise film was calcined at the temperature given in 
Table 1. Conductivity (planar resistance) and adhesivity of 
the film are given in Table 1. 

Example 81 

20.1 g of isopropylammonium isopropylcarbonate and 
13.0 g of water were added to a 250 mL Schlenk flask 
equipped with a stirrer. After stirring, 10.0 g (43.1 mmol) of 
silver oxide was added and reaction was performed at room 
temperature to prepare an aqueous solution of a silver com 
plex compound. To 43.1 g of the silver complex compound in 
liquid phase were added 3.4 g of 2-ethylhexylamine, a stabi 
lizer, and coco 0.03 g of betaine to obtain a transparent silver 
ink composition having a viscosity of 3.5 cps. The ink com 
position was coated and the resultant uniform and precise film 
was calcined at the temperature given in Table 1. Conductiv 
ity (planar resistance) and adhesivity of the film are given in 
Table 1. 

Example 82 

The transparent silver ink composition having a viscosity 
of 3.8 cps prepared in Example 52 was filled in a polyethylene 
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container. Patterning was performed on PET film, imide film 
and glass plate using a flat printer equipped with a piezo type 
ink-jet printer head F083000 (Epson). The patterned sample 
was heat-treated at 80° C. for 5 minutes, and then at 130° C. 
for 10 minutes. 

Example 83 

The transparent silver ink having a viscosity of 2,300 cps 
prepared in Example 76 was patterned on PET film using a 
silk-screen printer patterned to 320 meshes). The patterned 
sample was heat-treated at 100° C. for 3 minutes, and then at 
130° C. for 10 minutes (see FIG. 7). 

Example 84 

The transparent silver ink having a viscosity of 19.2 cps 
prepared in Example 77 was patterned on PET film pre 
treated with polyvinylbutyral resin using a gravure printer. 
The patterned sample was heat-treated at 80°C. for 2 minutes, 
at 100° C. for 3 minutes, and then at 130° C. for 10 minutes 
(see FIG. 8). 

Example 85 

90.22 g (556.16 mmol) of isopropylammonium isopropy 
lcarbamate was dissolved in 400 mL of methanol in a 1,000 
mL flask equipped with a stirrer. Then, 63.06 g (927.08 
mmol) of a 50 wt % hydrogen peroxide aqueous Solution was 
slowly added to obtain a colorless, transparent solution. Reac 
tion was performed at room temperature while slowly adding 
silver powder (SNGPSN-100-99, SOLNANOGY, average 
particle size=100 nm) until it was not dissolved any more. As 
the reaction proceeded, the reaction solution turned into a 
gray slurry and finally into a colorless transparent solution. 
The amount of consumed silver was 20.00 g (185.41 mmol). 
The reaction solution was filtered through a 0.45-micron 
membrane filter and the solvent was removed in vacuum to 
obtain 54.70g of a white silver complex compound. Thermo 
gravimetric analysis (TGA) confirmed that the silver content 
was 36.50 wt %. To 20.00 g of the silver complex compound 
were added 5.30 g of 2-ethylhexylamine, a stabilizer, and 
12.49 g of methanol, a solvent, to obtain a transparent silver 
ink composition having a viscosity of 3.3 cps. Thermogravi 
metric analysis (TGA) confirmed that the ink composition 
had a silver content of 19.47 wt % (see FIG. 9). The ink 
composition was coated on PET film and the resultant uni 
form and precise film was calcined at the temperature given in 
Table 1. Conductivity (planar resistance) and adhesivity of 
the film are given in Table 1. 

Example 86 

40.00 g of the transparent silver ink composition prepared 
in Example 85 and 41.00 g of silver flake (EAO295, Chemet) 
were added to a transparent solution in which 5.00 g of 
polyvinylbutyral (BS-18, Wacker), a binder, was dissolved in 
14.00 g of butylcarbitol. After 10 minutes of stirring, the 
solution was passed through a three-roll mill (Drais Man 
nheim) for 5 times to obtain a conductive ink composition 
having a silver content of 49.64 wt % and a viscosity of 2,500 
cps. The ink composition was coated on PET film and the 
resultant uniform and precise film was calcined at the tem 
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perature given in Table 1. Conductivity (planar resistance) 
and adhesivity of the film are given in Table 1. 

Example 87 

40.00 g of the transparent silver ink composition prepared 
in Example 85 and 22.60 g of silver acetate were added to a 
mixture solution of 5.00 g of isopropylamine and 32.40 g of 
butylcarbitol. After a transparent silver ink composition hav 
ing a viscosity 11.5 cps was obtained. The ink composition 
was coated on PET film and the resultant uniform and precise 
film was calcined at the temperature given in Table 1. Con 
ductivity (planar resistance) and adhesivity of the film are 
given in Table 1. 

Example 88 

A colorless, transparent Solution was obtained in the same 
manner as in Example 85 using 67.36 g (556.16 mmol) of 
isopropylammonium bicarbonate instead ofisopropylammo 
nium isopropylcarbamate. The amount of consumed silver 
was 12.80 g (118.66 mmol). The reaction solution was filtered 
through a 0.45-micron membrane filter and the solvent was 
removed in vacuum to obtain 33.62 g of a white silver com 
plex compound. Thermogravimetric analysis (TGA) con 
firmed that the silver content was 37.50 wt %. To 20.00 g of 
the silver complex compound were added 5.30 g of 2-ethyl 
hexylamine, a stabilizer, and 8.47 g of methanol, a solvent, to 
obtain a transparent silver ink composition having a viscosity 
of 3.5 cps. The ink composition was coated on PET film and 
the resultant uniform and precise film was calcined at the 
temperature given in Table 1. Conductivity (planar resis 
tance) and adhesivity of the film are given in Table 1. 

Example 89 

A colorless, transparent Solution was obtained in the same 
manner as in Example 85 using 50.12 g (278.08 mmol) of 
isopropylammonium isopropylcarbonate instead of isopro 
pylammonium isopropylcarbamate and using the same 
amount of water instead of methanol. The amount of con 
sumed silver was 3.60 g (33.37 mmol). The reaction solution 
was filtered through a 0.45-micron membrane filter and the 
solvent was removed in vacuum to obtain 11.31 g of a white 
silver complex compound. Thermogravimetric analysis 
(TGA) confirmed that the silver content was 31.50 wt %. To 
10.00 g of the silver complex compound were added 2.65 g of 
2-ethylhexylamine, a stabilizer, and 4.24 g of methanol, a 
Solvent, to obtain a transparent silverink composition having 
a Viscosity of 3.6 cps. The ink composition was coated on 
PET film and the resultant uniform and precise film was 
calcined at the temperature given in Table 1. Conductivity 
(planar resistance) and adhesivity of the film are given in 
Table 1. 

Example 90 

A yellow, transparent solution was obtained in the same 
manner as in Example 85 using 108.20 g (556.16 mmol) of 
2-methoxyethylammonium 2-methoxyethylcarbamate 
instead of isopropylammonium isopropylcarbamate. The 
amount of consumed silver was 11.20 g (103.83 mmol). The 
reaction solution was filtered through a 0.45-micron mem 
brane filter and the solvent was removed in vacuum to obtain 
35.40 g of a brown silver complex compound in liquid phase. 
Thermogravimetric analysis (TGA) confirmed that the silver 
content was 31.42 wt %. To 20.00 g of the silver complex 
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compound were added 8.48g of silver flake, 8.48g of silver 
powder and a transparent solution in which 1.50 g of polyvi 
nylbutyral, a binder, was dissolved in 11.54 g of butylcello 
Solve. After 10 minutes of stirring, the Solution was passed 
through a three-roll mill (Drais Mannheim) for 5 times to 
obtaina conductive ink composition having a silvercontent of 
46.49 wt % and a viscosity of 1,120 cps. The ink composition 
was coated on PET film and the resultant uniform and precise 
film was calcined at the temperature given in Table 1. Con 
ductivity (planar resistance) and adhesivity of the film are 
given in Table 1. 

Example 91 

20.00 g of the silver complex compound prepared in 
Example 90, 16.96 g of silver flake, and 1.00 g of bismuth 
acetate, a metal precursor, were added to a transparent Solu 
tion in which 1.50 g of polyvinylbutyral, a binder, was dis 
solved in 10.54 g of butylcellosolve. After 10 minutes of 
stirring, the solution was passed through a three-roll mill 
(Drais Mannheim) for 5 times to obtain conductive ink com 
position having a viscosity of 1,560 cps. The ink composition 
was coated on PET film and the resultant uniform and precise 
film was calcined at the temperature given in Table 1. Con 
ductivity (planar resistance) and adhesivity of the film are 
given in Table 1. 

Example 92 

A colorless, transparent solution was obtained in the same 
manner as in Example 85 using 43.42 g (556.16 mmol) of 
ammonium carbamate instead of isopropylammonium iso 
propylcarbamate. The amount of consumed silver was 8.80 g 
(81.58 mmol). The reaction solution was filtered through a 
0.45-micron membrane filter and the solvent was removed in 
vacuum to obtain 20.80 g of a white silver complex com 
pound in liquid phase. Thermogravimetric analysis (TGA) 
confirmed that the silver content was 42.00 wt %. To 20.00 g 
of the silver complex compound were added 1.20 g of ammo 
nium carbonate, stabilizer, 0.05 g of EFKA 3650 (EFKA) and 
25.00 g of methoxypropyl acetate, a solvent, to obtain a 
transparent silver ink composition having a viscosity of 3.5 
cps. The ink composition was coated on PET film and the 
resultant uniform and precise film was calcined at the tem 
perature given in Table 1. Conductivity (planar resistance) 
and adhesivity of the film are given in Table 1. 

Example 93 

66.02 g (370.77 mmol) of a 2:1 (molar ratio) mixture of 
isopropylamine and boron acid was dissolved in 400 mL of 
methanol in a 1,000 mL flask equipped with a stirrer. 30.07 g. 
(185.39 mmol) of isopropylammonium isopropylcarbamate 
was added and 63.06 g (927.08 mmol) of a 50 wt % hydrogen 
peroxide aqueous Solution was slowly added to obtain a col 
orless, transparent Solution. Subsequently, reaction was per 
formed at room temperature while slowly adding metallic 
silver was until it was not dissolved any more. As the reaction 
proceeded, the reaction Solution turned into a gray slurry and 
finally into a colorless transparent Solution. The amount of 
consumed silver was 9.10 g (84.36 mmol). The reaction solu 
tion was filtered through a 0.45-micron membrane filter and 
the solvent was removed in vacuum to obtain 29.72 g of a 
white silver complex compound. Thermogravimetric analy 
sis (TGA) confirmed that the silver content was 30.31 wt %. 
To 12.00 g of the silver complex compound were added 0.20 
g of tripropylamine, a stabilizer, 0.03 g of BYK 373 (BYK) 
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and 20.00 g of 1-methoxypropanol, a solvent, to obtain a 
transparent silver ink composition having a viscosity of 3.6 
cps. The ink composition was coated on imide film and the 
resultant uniform and precise film was calcined at the tem 
perature given in Table 1. Conductivity (planar resistance) 
and adhesivity of the film are given in Table 1. 

Example 94 

90.22 g (556.16 mmol) of isopropylammonium isopropy 
lcarbamate was dissolved in 400 mL of methanol in a 1,000 
mL flask equipped with a stirrer. The reaction mixture was 
cooled to -40°C. using a cooling bath and oZone gas was 
bubbled (6.21 g/hour) using an oZone generator (OZone Gen 
erator-LAB2, Ozone Tech). Subsequently, reaction was per 
formed at room temperature while slowly adding metallic 
silver was until it was not dissolved any more. As the reaction 
proceeded, the reaction Solution turned into a gray slurry and 
finally into a colorless transparent Solution. The amount of 
consumed silver was 5.20 g (48.21 mmol). The reaction solu 
tion was filtered through a 0.45-micron membrane filter and 
the solvent was removed in vacuum to obtain 14.68 g of a 
white silver complex compound. Thermogravimetric analy 
sis (TGA) confirmed that the silver content was 35.00 wt %. 
To 10.00 g of the silver complex compound were added 2.65 
g of 2-ethylhexylamine, a stabilizer, and 4.24 g of methanol, 
a solvent, to obtain a transparent silver ink composition hav 
ing a viscosity of 3.7 cps. The ink composition was coated on 
PET film and the resultant uniform and precise film was 
calcined at the temperature given in Table 1. Conductivity 
(planar resistance) and adhesivity of the film are given in 
Table 1. 

Example 95 

90.22 g (556.16 mmol) of isopropylammonium isopropy 
lcarbamate was dissolved in 400 mL of methanol in a 1,000 
mL flask equipped with a stirrer. The reaction mixture was 
cooled to -40°C. using a cooling bath and oZone gas was 
bubbled (6.21 g/hour) using an oZone generator. Subse 
quently, reaction was performed while applying an alternat 
ing current (80 V. 60 Hz) to the solution using a silver foil as 
electrode until the silver electrode was not dissolved any 
more. As the reaction proceeded, the reaction solution turned 
into a gray Solution and finally into a colorless transparent 
solution. The amount of consumed silver was 12.20 g (113.10 
mmol). The reaction solution was filtered through a 0.45 
micron membrane filter and the solvent was removed in 
vacuum to obtain 34.16 g of a white silver complex com 
pound. Thermogravimetric analysis (TGA) confirmed that 
the silver content was 35.50 wt %. To 12.00 g of the silver 
complex compound were added 0.20 g of diisopropylamine, 
a stabilizer, 0.03g of BYK373 (BYK) and 20.00g of 1-meth 
oxypropanol, a solvent, to obtain a transparent silver ink 
composition having a viscosity of 3.8 cps. The ink composi 
tion was coated on PET film and the resultant uniform and 
precise film was calcined at the temperature given in Table 1. 
Conductivity (planar resistance) and adhesivity of the film are 
given in Table 1. 

Example 96 

90.22 g (556.16 mmol) of isopropylammonium isopropy 
lcarbamate and 1.00 g of Surfynol465 (Air Product) were 
dissolved in 400 mL of methanol in a 1,000 mL flask 
equipped with a stirrer. The reaction mixture was cooled to 
-40° C. using a cooling bath and oZone gas was bubbled. 
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Subsequently, reaction was performed while applying an 
alternating current (80 V, 60 Hz) to the solution using a silver 
foil as electrode until the silver electrode was not dissolved 
any more. As the reaction proceeded, the reaction Solution 
turned into a gray solution and finally into a colorless trans 
parent solution. The amount of consumed silver was 9.40 g 
(87.14 mmol). The reaction solution was filtered through a 
0.45-micron membrane filter and the solvent was removed in 
vacuum to obtain 27.73 g of a white silver complex com 
pound. Thermogravimetric analysis (TGA) confirmed that 
the silver content was 33.80 wt %. To 12.00 g of the silver 
complex compound were added 0.20 g of 3-methoxypropy 
lamine, a stabilizer, 0.03 g of TEGO Wet 505 (Degussa) and 
20.00 g of ethanol, a solvent, to obtain a transparent silver ink 
composition having a viscosity of 3.3 cps. The ink composi 
tion was coated on PET film and the resultant uniform and 
precise film was calcined at the temperature given in Table 1. 
Conductivity (planar resistance) and adhesivity of the film are 
given in Table 1. 

Example 97 

The conductive ink having a viscosity of 2,500 cps pre 
pared in Example 86 was patterned on PET film using a 
silk-screen printer patterned to 320 meshes. The patterned 
sample was heat-treated at 100° C. for 3 minutes, and then at 
130° C. for 10 minutes (see FIG. 10). 

Comparative Example 1 

50.2 g of silver flake (EA0295, Chemet) was added to a 
transparent solution in which 5.0 g of polyvinylbutyral (BS 
18, Wacker), a binder, was dissolved in 44.8g of butylcarbi 
tol. After stirring for 10 minutes, the reaction solution was 
passed through a three-roll mill for 5 times to obtain an ink 
composition having a silver content of 50.2 wt % and a 
viscosity of 3.21 Pas. The ink composition was coated in the 
same manner as in Example 15 and the resultant film was 
calcined. Conductivity (planar resistance) and adhesivity of 
the film are given in Table 1. The conductivity and adhesivity 
were worse than Example 15 and cracks were observed. 

Comparative Example 2 

21.0 g of silver 2-ethylhexanoate and 41.2 g of silver flake 
(EA0295, Chemet) were added to a transparent solution in 
which 5.0 g of polyvinylbutyral (BS-18, Wacker), a binder, 
was dissolved in 32.8g of butylcarbitol. After stirring for 10 
minutes, the reaction solution was passed through a three-roll 
mill for 5 times to obtain an ink composition having a silver 
content of 50.2 wt % and a viscosity of 3.57 Pars. The ink 
composition was coated in the same manner as in Example 15 
and the resultant film was calcined. Conductivity (planar 
resistance) and adhesivity of the film are given in Table 1. The 
conductivity and adhesivity were significantly worse than 
Example 15. 

Comparative Example 3 

A silver complex compound in liquid phase having a silver 
content of 22.0 wt % and a viscosity of 0.31 Pa's prepared in 
the same manner as in Example 15 was coated in the same 
manner as in Example 15 and the resultant film was calcined. 
Conductivity (planar resistance) and adhesivity of the film are 
given in Table 1. The film was thin and conductivity was 
worse than Example 15. Uniformity of the film was also poor. 
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Comparative Example 4 

To 20.0 g of the silver complex compound prepared in 
Example 51 was added 13.8g of methanol, a solvent, without 
using 2-ethylhexylamine, a stabilizer, to obtain a transparent 
silver ink composition having a viscosity of 5.5 cps. The ink 
composition was coated in the same manner as in Example 51 
and the resultant film was calcined. Conductivity (planar 
resistance) and adhesivity of the film are given in Table 1. The 
conductivity and adhesivity were worse than Example 51 and 
cracks were observed. 

Comparative Example 5 

A transparent silver ink composition having a viscosity of 
5.6 cps was prepared by using 5.0 g of silver hexanoate and 
adding 5.3 g of 2-ethylhexylamine, a stabilizer, and 5.54 g of 
methanol, a solvent. The ink composition was coated in the 
same manner as in Example 51 and the resultant film was 
calcined. Conductivity (planar resistance) and adhesivity of 
the film are given in Table 1. The conductivity and adhesivity 
were significantly worse than Example 51. 

TABLE 1 

Physical properties of films prepared 
in Examples and Comparative Examples 

Calcination Conductivity 
temperature (C.) (S2) Adhesivity 

Example 1 50 O.472 C3 
Example 2 50 O.O89 C3 
Example 3 50 O.210 C3 
Example 4 8O O924 A 
Example 5 2OO O.S28 C3 
Example 6 50 O.162 C3 
Example 7 8O O.956 C3 
Example 8 8O O.742 C3 
Example 9 2OO O.174 C3 
Example 10 2OO O.152 C3 
Example 11 2OO O.193 C3 
Example 12 8O 1831 C3 
Example 13 50 O.470 C3 
Example 14 50 O.098 C3 
Example 15 30 O.115 C3 
Example 16 30 0.477 C3 
Example 17 30 O.32O C3 
Example 18 30 0.779 C3 
Example 19 30 O.954 C3 
Example 20 30 O.789 C3 
Example 21 30 O.368 C3 
Example 22 30 0.377 C3 
Example 23 30 O.340 C3 
Example 24 30 O.86S A 
Example 25 30 O4OS C3 
Example 26 30 O.724 A 
Example 27 30 O.S34 C3 
Example 28 250 O.120 C3 
Example 29 250 O456 C3 
Example 30 250 O.389 C3 
Example 31 30 O.128 C3 
Example 32 30 O456 C3 
Example 33 30 O.132 C3 
Example 34 30 O497 C3 
Example 35 30 O.048 C3 
Example 36 30 O.O24 C3 
Example 37 30 O.241 C3 
Example 38 OO O.133 A 
Example 39 30 0.537 C3 
Example 40 30 O.134 C3 
Example 41 50 O346 C3 
Example 42 30 O.351 C3 
Example 43 30 O.S.45 A 
Example 44 30 O349 C3 
Example 45 30 O641 C3 
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TABLE 1-continued 

Physical properties of films prepared 
in Examples and Comparative Examples 

Calcination Conductivity 
temperature (C.) (S2) Adhesivity 

Example 46 30 O.389 C3 
Example 47 30 0.237 C3 
Example 48 30 O.S96 C3 
Example 49 30 O.O14 C3 
Example 50 2OO O.458 C3 
Example 51 30 O.22 C3 
Example 52 30 O.30 C3 
Example 53 30 O.25 C3 
Example 54 30 O.25 C3 
Example 55 30 O48 A 
Example 56 2O O.S8 A 
Example 57 30 0.44 A 
Example 58 30 O.38 C3 
Example 59 250 0.37 C3 
Example 60 30 O.29 C3 
Example 61 250 OSO C3 
Example 62 250 O.S6 C3 
Example 63 OO O.25 A 
Example 64 OO O.28 A 
Example 65 2O O41 A 
Example 66 30 O.38 A 
Example 67 30 O3S C3 
Example 68 30 O45 C3 
Example 69 30 O3S A 
Example 70 250 O.S1 A 
Example 71 30 0.55 C3 
Example 72 30 O.S8 A 
Example 73 250 O.90 C3 
Example 74 30 1.OO A 
Example 75 30 O.24 A 
Example 76 30 O.39 C3 
Example 77 30 O.S1 C3 
Example 78 30 O.32 C3 
Example 79 30 O42 C3 
Example 80 30 O.65 A 
Example 81 30 O.61 A 
Example 82 30 O.38 C3 
Example 83 250 O.32 C3 
Example 84 30 O.S8 C3 
Example 85 30 O.25 C3 
Example 86 30 O.11 C3 
Example 87 30 O3S C3 
Example 88 30 O.28 C3 
Example 89 50 O.71 A 
Example 90 50 O.23 C3 
Example 91 30 O.64 C3 
Example 92 30 O45 C3 
Example 93 2OO O.S3 C3 
Example 94 30 O.28 C3 
Example 95 30 O.33 C3 
Example 96 OO O.31 C3 
Example 97 30 O.12 C3 

Comparative 30 1106 A 
Example 1 

Comparative 30 3.425 X 
Example 2 
Comparative 30 O4S5 A 
Example 3 
Comparative 30 O3S A 
Example 4 

Comparative 30 SOOO X 
Example 5 

(1) Adhesvity test: Evaluated by attaching and detaching Scotch tape (3M) 
on the printed Surface of film. 
o: Film surface was not peeled. 
A: Part of film surface was peeled. 
X: Most of film Surface was peeled. 
(2) Conductivity test: Planar resistance was measured for a 1 cm x 1 cm 
square sample using CMT-SR1000N (AIT). 
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INDUSTRIAL APPLICABILITY 

The present invention relates to a variety of conductive ink 
compositions comprising a metal complex compound having 
a special structure and an additive and a method for preparing 
the same. The ink composition of the present invention has 
superior stability and solubility, enables easy film formation 
and is calcined readily even at low temperature of 200° C. or 
below for formation offilm or pattern with good conductivity. 
It can be coated on or directly printed on a variety of sub 
strates, including metal, glass, silicon wafer, ceramic, plastic 
film like polyester or polyimide, rubber sheet, fiber, wood, 
paper, etc. 
The composition of the present invention enables uniform 

film formation and offers a film with superior conductivity 
and adhesivity. In addition, the film has a Superior quality, 
with no crack. 
The ink composition of the present invention can be used 

widely for EMI shielding materials, conductive adhesives, 
low-resistance metal wirings, PCBs, FPCs, antennas for 
RFID tags, solar cells, secondary cells or fuel cells and elec 
trodes or wiring materials for PDPs, TFT-LCDs, OLEDs, 
flexible displays, OTFTs, etc. 

Those skilled in the art will appreciate that the conceptions 
and specific embodiments disclosed in the foregoing descrip 
tion may be readily utilized as a basis for modifying or 
designing other embodiments for carrying out the same pur 
poses of the present invention. Those skilled in the art will 
also appreciate that Such equivalent embodiments do not 
depart from the spirit and scope of this invention as set forth 
in the appended claims. 

The invention claimed is: 
1. A conductive ink composition comprising a metal com 

plex compound obtained by reacting at least one metal or 
metal compound represented by the formula 1 below with at 
least one ammonium carbamate- or ammonium carbonate 
based compound represented by the formula 2, 3 or 4 below 
and an additive: 

MX (1) 

“M” is a metal or metal alloy, n is an integer from 1 to 10 
and X is nonexistent or at least one substituent selected 
from the group consisting of hydrogen, ammonium, 
Oxygen, Sulfur, halogen, cyano, cyanate, carbonate, 
nitrate, nitrite, Sulfate, phosphate, thiocyanate, chlorate, 
perchlorate, tetrafluoroborate, acetylacetonate, mer 
capto, amide, alkoxide, carboxylate and derivatives 
thereof, and 

O (2) 
R R3 

\!/ R4 
/ V 
R Rs 

(3) 
R. R. R4 V Geelee / 

R-HNOCONH-Rs 
/ V 

(4) 
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where each of R1, R2, R3, R4, R5 and R6 is independently 
selected from hydrogen; substituted or unsubstituted 
C-Clso aliphatic alkyl, cycloaliphatic alkyl, aryl or 
aralkyl; polymer compound; heterocyclic compound; 
and derivatives thereof, wherein R1 and R2 or R4 and R5 
may be connected with each other to form an alkylene 
ring with or without a heteroatom, 

wherein in Formula (2), at least one of R1-R5 is not hydro 
gen: in Formula (3), at least one of R1-R6 is not hydro 
gen; and in Formula (4), at least one of R1-R3 is not 
hydrogen. 

2. The conductive ink composition as set forth in claim 1, 
wherein the metal complex compound is represented by the 
formula 5 below: 

MA (5) 

'A' is the compound represented by any one of the formu 
las 2 to 4 and 0.7sms5.5. 

3. The conductive ink composition as set forth in claim 1, 
wherein the metal or metal compound represented by the 
formula 1 is at least one selected from the group consisting of 
Ag, Au, Cu, Zn, Ni, Co, Pd, Pt,Ti,V, Mn, Fe, Cr, Zr, Nb, Mo, 
W, Ru, Cd, Ta, Re, Os, Ir, Al, Ga, Ge, In, Sn, Sb, Pb, Bi, Sm, 
Eu, Ac, Th, copper oxide, Zinc oxide, Vanadium oxide, nickel 
Sulfide, palladium chloride, copper carbonate, iron chloride, 
gold chloride, nickel chloride, cobalt chloride, bismuth 
nitrate, Vanadium acetylacetonate, cobalt acetate, tin lactate, 
manganese oxalate, gold acetate, palladium oxalate, copper 
2-ethylhexanoate, iron Stearate, nickel formate, ammonium 
molybdate, Zinc citrate, bismuth acetate, copper cyanide, 
cobalt carbonate, platinum chloride, hydrogen chloroaurate, 
tetrabutoxytitanium, dimethoxyzirconium dichloride, alumi 
numisopropoxide, tintetrafluoroborate, tantalum methoxide, 
dodecylmercaptoaurate and indium acetylacetonate. 

4. The conductive ink composition as set forth in claim 3, 
wherein the metal or metal compound represented by the 
formula 1 is silver (Ag) or a silver compound, n is an integer 
from 1 to 4 and X is at least one selected from the group 
consisting of oxygen, Sulfur, halogen, cyano, cyanate, car 
bonate, nitrate, nitrite, Sulfate, phosphate, thiocyanate, chlo 
rate, perchlorate, tetrafluoroborate, acetylacetonate, carboxy 
late and derivatives thereof. 

5. The conductive ink composition as set forth in claim 4, 
wherein the silver compound is at least one selected from the 
group consisting of silver oxide, silver thiocyanate, silver 
cyanide, silver cyanate, silver carbonate, silver nitrate, silver 
nitrite, silver sulfate, silver phosphate, silver perchlorate, sil 
ver tetrafluoroborate, silver acetylacetonate, silver acetate, 
silver lactate, silver oxalate and derivatives thereof. 

6. The conductive ink composition as set forth in claim 1, 
wherein each of the substituents R1, R2, R3, R4, R5 and R6 
is independently selected from the group consisting of hydro 
gen, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, amyl. 
hexyl, ethylhexyl, heptyl, octyl, isooctyl, nonyl, decyl, dode 
cyl, hexadecyl, octadecyl, docodecyl cyclopropyl, cyclopen 
tyl, cyclohexyl, allyl, hydroxy, methoxy, methoxyethyl, 
methoxypropyl, cyanoethyl, ethoxy, butoxy, hexyloxy, meth 
oxyethoxyethyl, methoxyethoxyethoxyethyl, hexamethyl 
eneimine, morpholine, piperidine, piperazine, ethylenedi 
amine, propylenediamine, hexamethylenediamine, 
triethylenediamine, pyrrole, imidazole, pyridine, carboxym 
ethyl, trimethoxysilylpropyl, triethoxysilylpropyl, phenyl, 
methoxyphenyl, cyanophenyl, phenoxy, tollyl, benzyl, poly 
allylamine and polyethyleneamine. 

7. The conductive ink composition as set forth in claim 1, 
wherein the ammonium carbamate-based compound is at 
least one selected from the group consisting of ethylammo 
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nium ethylcarbamate, isopropylammonium isopropylcar 
bamate, n-butylammonium n-butylcarbamate, isobutylam 
monium isobutylcarbamate, t-butylammonium 
t-butylcarbamate, 2-ethylhexylammonium 2-ethylhexylcar 
bamate, octadecylammonium octadecylcarbamate, 2-meth 
oxyethylammonium 2-methoxyethylcarbamate, 2-cyanoet 
hylammonium 2-cyanoethylcarbamate, dibutylammonium 
dibutylcarbamate, dioctadecylammonium dioctadecylcar 
bamate, methyldecylammonium methyldecylcarbamate, 
hexamethyleneiminium hexamethyleneiminecarbamate, 
morpholinium morpholinecarbamate, pyridinium ethylhexy 
lcarbamate, triethylenediaminium isopropylcarbamate, ben 
Zylammonium benzylcarbamate and triethoxysilylpropylam 
monium triethoxysilylpropylcarbamate; and the ammonium 
carbonate-based compound is at least one selected from the 
group consisting of ethylammonium ethylcarbonate, isopro 
pylammonium isopropylcarbonate, n-butylammonium n-bu 
tylcarbonate, isobutylammonium isobutylcarbonate, t-buty 
lammonium t-butylcarbonate, 2-ethylhexylammonium 
2-ethylhexylcarbonate, 2-methoxyethylammonium 2-meth 
oxyethylcarbonate, 2-cyanoethylammonium 2-cyanoethyl 
carbonate, octadecylammonium octadecylcarbonate, dibuty 
lammonium dibutylcarbonate, dioctadecylammonium 
dioctadecylcarbonate, methyldecylammonium methyldecyl 
carbonate, hexamethyleneiminiumammonium hexamethyl 
eneiminecarbonate, morpholinium morpholinecarbonate, 
benzylammonium benzylcarbonate, triethoxysilylpropylam 
monium triethoxysilylpropylcarbonate, triethylenedi 
aminium isopropylcarbonate, isopropylammonium bicar 
bonate, t-butylammonium bicarbonate, 
2-ethylhexylammonium bicarbonate, 2-methoxyethylammo 
nium bicarbonate, 2-cyanoethylammonium bicarbonate, dio 
ctadecylammonium bicarbonate, pyridinium bicarbonate, tri 
ethylenediaminium bicarbonate and derivatives thereof. 

8. The conductive ink composition as set forth in claim 1, 
wherein the additive is at least one selected from the group 
consisting of a conductor, a metal precursor, an oxidant, a 
stabilizer, a solvent, a dispersing agent, a binder resin, a 
reductant, a surfactant, a wetting agent, a thixotropic agent 
and a leveling agent. 

9. The conductive ink composition as set forth in claim 8. 
wherein the conductor is at least one selected from the group 
consisting of at least one metal selected from the group con 
sisting of Ag, Au, Cu, Zn, Ni, Co, Pd, Pt,Ti,V, Mn, Fe, Cr, Zr, 
Nb, Mo, W, Ru, Cd, Ta, Re, Os, Ir, Al, Ga, Ge, In, Sn, Sb, Pb, 
Bi, Sm, Eu, Ac and Th, an alloy or alloy oxide thereof, 
conductive carbon black, graphite, carbon nanotube and con 
ductive polymer. 

10. The conductive ink composition as set forth in claim 8. 
wherein the metal precursor is at least one metal compound 
represented by the formula 1 below: 

MX (1) 

“M” is at least one metal selected from the group consisting 
of Ag, Au, Cu, Zn, Ni, Co, Pd, Pt, Ti, V. Mn, Fe, Cr, Zr, 
Nb, Mo, W, Ru, Cd, Ta, Re, Os, Ir, Al, Ga, Ge, In, Sn, Sb, 
Pb, Bi, Sm, Eu, Ac and Thor an alloy thereof, “n” is an 
integer from 1 to 10 and X is at least one substituent 
Selected from the group consisting of hydrogen, ammo 
nium, oxygen, Sulfur, halogen, cyano, cyanate, carbon 
ate, nitrate, nitrite, Sulfate, phosphate, thiocyanate, chlo 
rate, perchlorate, tetrafluoroborate, acetylacetonate, 
mercapto, amide, alkoxide, carboxylate and derivatives 
thereof. 

11. The conductive ink composition as set forth in claim 10, 
wherein the metal precursor is at least one selected from the 
group consisting of gold acetate, silver acetate (silver 
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acetate), palladium oxalate, silver 2-ethylhexanoate, copper 
2-ethylhexanoate, iron Stearate, nickel formate, Zinc citrate, 
silver nitrate, copper cyanide, cobalt carbonate, platinum 
chloride, hydrogen tetrachloroaurate, tetrabutoxytitanium, 
dimethoxy Zirconium dichloride, aluminum isopropoxide, tin 
tetrafluoroborate, Vanadium oxide, indium-tin oxide, tanta 
lum methoxide, bismuth acetate, dodecylmercaptoaurate and 
indium acetylacetonate. 

12. The conductive ink composition as set forth in claim 8, 
wherein the conductor, the metal precursor or the mixture 
thereof is comprised in 1-90 wt % per 100 wt % of the ink 
composition. 

13. The conductive ink composition as set forth in claim 8, 
wherein the conductor or the metal precursor is in the form 
selected from the group consisting of particle, powder, flake, 
colloid, hybrid, paste, Sol, Solution and a combination thereof. 

14. The conductive ink composition as set forth in claim 8, 
wherein the conductor or the metal precursor has a spherical, 
linear or planar shape or a combination thereof. 

15. The conductive ink composition as set forth in claim 8, 
wherein the oxidant is at least one selected from the group 
consisting of an oxidative gas, a peroxide, a peroxy acid, an 
oxidative inorganic acid, an oxidative metal compound and 
an oxidative nonmetal compound. 

16. The conductive ink composition as set forth in claim 15, 
wherein the oxidant is at least one selected from the group 
consisting of air, oxygen, oZone, hydrogen peroxide (H2O). 
NaO, KO. NaBO, KSOs, (NH4)2SOs, NaSOs, 
HSOs, KHSOs, (CH),CO.H. (CH-CO), HCOH, 
CHCOH, CFCOH, CHCOH, m-CICHCOH, nitric 
acid, Sulfuric acid, I. FeCls, Fe(NO), Fe(SO4), KFe 
(CN), (NH), Fe(SO4), Ce(NH) (SO), NaIO, KMnO, 
and KCrO. 

17. The conductive ink composition as set forth in claim 8, 
wherein the stabilizer is at least one selected from an amine 
compound, an ammonium compound, a phosphorus com 
pound, a Sulfur compound and a mixture thereof. 

18. The conductive ink composition as set forth in claim 17, 
wherein the amine compound is at least one selected from the 
group consisting of a primary amine, a secondary amine and 
a tertiary amine. 

19. The conductive ink composition as set forth in claim 18, 
wherein the amine compound is at least one selected from the 
group consisting of methylamine, ethylamine, n-propy 
lamine, isopropylamine, n-butylamine, isobutylamine, 
isoamylamine, n-hexylamine, 2-ethylhexylamine, n-hepty 
lamine, n-octylamine, isooctylamine, nonylamine, decy 
lamine, dodecylamine, hexadecylamine, octadecylamine, 
docodecylamine, cyclopropylamine, cyclopentylamine, 
cyclohexylamine, allylamine, hydroxyamine, ammonium 
hydroxide, methoxyamine, 2-ethanolamine, methoxyethy 
lamine, 2-hydroxypropylamine, methoxypropylamine, cya 
noethylamine, ethoxyamine, butoxyamine, 2-hexy 
loxyamine, methoxyethoxyethylamine, 
methoxyethoxyethoxyethylamine, diethylamine, dipropy 
lamine, diethanolamine, hexamethyleneimine, morpholine, 
piperidine, piperazine, ethylenediamine, propylenediamine, 
hexamethylenediamine, triethylenediamine, 2.2-(ethylene 
dioxy)bisethylamine, triethylamine, triethanolamine, pyr 
role, imidazole, pyridine, aminoacetaldehyde dimethyl 
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acetal, 3-aminopropyltrimethoxysilane, 3-aminopropyltri 
ethoxysilane, aniline, anisidine, aminobenzonitrile, benzy 
lamine, polyallylamine, polyethyleneimine and derivatives 
thereof. 

20. The conductive ink composition as set forth in claim 17, 
wherein the phosphorus compound is at least one selected 
from the group consisting of phosphine and phosphite. 

21. The conductive ink composition as set forth in claim 8. 
wherein the binder is at least one selected from the group 
consisting of acryl resin, cellulose resin, polyester resin, 
polyamide resin, polyether resin, vinyl resin, polyurethane 
resin, urea resin, alkyd resin, silicone resin, fluorine resin, 
olefin resin, petroleum resin, rosin resin, epoxy resin, unsat 
urated polyester resin, vinyl polyester resin, diallylphthalate 
resin, phenol resin, oxetane resin, oxazine resin, bismaleim 
ide resin, modified silicone resin, melamine resin, acryl resin, 
rubber, natural polymer, glass resin and glass fit. 

22. The conductive ink composition as set forth in claim 8. 
wherein the reductant is at least one selected from the group 
consisting of a reductive amine compound, metal salt and 
organic compound. 

23. The conductive ink composition as set forth in claim 22, 
wherein the reductive amine compound is at least one 
selected from the group consisting of hydrazine, acetic 
hydrazide, sodium or potassium borohydride, trisodium cit 
rate, methyldiethanolamine and dimethylamine borane and 
the organic compound is at least one selected from the group 
consisting of hydrogen, hydrogen iodide, carbon monoxide, 
aldehyde like formaldehyde or acetaldehyde, glucose, ascor 
bic acid, salicylic acid, tannic acid, pyrogallol and hydro 
quinone. 

24. The conductive ink composition as set forth in claim 8. 
wherein the solvent is at least one selected from the group 
consisting of water, alohol, glycol, acetate, ether, ketone, an 
aromatic solvent and a halogenated hydrocarbon. 

25. The conductive ink composition as set forth in claim 24, 
wherein the solvent is at least one selected from the group 
consisting of water, methanol, ethanol, isopropanol, 1-meth 
oxypropanol, butanol, ethylhexyl alohol, terpineol, ethylene 
glycol, glycerine, ethyl acetate, butyl acetate, methoxypropyl 
acetate, carbitol acetate, ethylcarbitol acetate, methylcello 
solve, butylcellosolve, diethyl ether, tetrahydrofuran, diox 
ane, methyl ethyl ketone, acetone, dimethylformamide, 
1-methyl-2-pyrrolidone, hexane, heptane, dodecane, paraffin 
oil, mineral spirit, benzene, toluene, Xylene, chloroform, 
methylene chloride, carbon tetrachloride, acetonitrile and 
dimethylsulfoxide. 

26. The conductive ink composition as set forth in claim 1, 
which is prepared by at least one method selected from the 
group consisting of heating, cooling, electrolysis, ultrasoni 
fication, micro wave treatment, high-frequency treatment, 
plasma treatment, IR treatment and UV treatment. 

27. The conductive ink composition as set forth in claim 1, 
which is prepared by adding at least one component selected 
from the group consisting of nitrogen dioxide, Sulfur dioxide, 
carbon dioxide, boric acid and boron acid along with carbon 
dioxide to an amine compound in the preparation of the at 
least one compound represented by the formula 2, 3 or 4. 

k k k k k 
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